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(57) A piperazine derivative represented by the formula (1): 



1 ' — ^ 

R 1 -N A- 



Ar 1 



-N^N-(CH 2 )-Y 



O (1) 

o> 

o> 

00 wherein n is an integer of 1 to 8; R 1 represents hydrogen or C,.^ alkyl; A represents CH or nitrogen; Ar 1 represents 

*2 phenyl or substituted phenyl; and Y represents a group represented by the formula Y 1 -Y 2 -Ar 2 or Y 3 -Y 4 (Ar 5 )-Ar 6 or a 
pharmaceutical^ acceptable salt of the derivative. The novel piperazine derivative has MC4 receptor antagonistic 
activity. 
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Description 

Technical Field 

[0001] This invention relates to a therapeutic agent for anxiety neurosis or depression which comprises as an active 
ingredient, an MC4 receptor antagonist and to a novel piperazine derivative having MC4 receptor antagonistic activity. 

Background Art 

[0002] Recent advances in pathologic physiology suggest that stress is deeply involved in the onset mechanism of 
anxiety neurosis and depression. Dysfunction of the neuroendocrine system, the representative of which is the dys- 
function of the hypothalamus-hypophysis-adrenal system, is known as an intracerebral reaction caused by stress. With 
this background, neuropeptides have recently attracted attention as the cause for the onset of depression or anxiety 
which are found in the hypothalamus and which affect the neuroendocrine system. 

[0003] Such neuropeptides include corticotropin-releasing factor (CRF), pro-opiomelanocortin (POMC) and the like. 
Melanocortins produced from POMC [adrenocorticotropic hormone (ACTH) and melanin cell stimulating hormone 
(MSH)] are major neuropeptides in the hypothalamus; however, it has not yet been reported that substances acting 
on the melanocortin receptors are involved in stress reaction as well as in depression and anxiety neurosis. 
[0004] The melanocortin receptors are classified into five subtypes of MC1 to MC5. Among these subtypes, selective 
agonists and antagonists of the peptide type have been reported for the melanocortin receptor subtype MC4, but no 
reports have been made on agonists and antagonists of the non-peptide type. 

[0005] It is the object of this invention to provide novel compounds having antagonistic activity against the melano- 
cortin receptor subtype MC4. 

Disclosure of Invention 

[0006] The present inventors made their intensive and diligent studies on the relationship of the melanocortin receptor 
subtypes with depression and anxiety neurosis and with stress reaction as well as on novel piperazine derivatives. 
Consequently, it was discovered that certain piperazine derivatives had excellent MC4 receptor antagonistic activity, 
upon which this invention has been completed. 
[0007] This invention will be described below. 

[0008] This invention relates to a piperazine derivative represented by the formula (1): 



wherein n represents an integer of 1 to 8; R 1 represents a hydrogen atom or a C^q alkyl group; A represents 
CH or a nitrogen atom; Ar 1 represents a phenyl group, or a phenyl group substituted with 1 to 3 groups arbitrarily 
selected from a C^q alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro 
group, an amino group, a mono- or di-substituted amino group with a C^ alkyl group(s), a trifluoromethyl group, a 
trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group; and Y is a group represented by the 
formula Y 1 -Y 2 -Ar 2 wherein Y 1 -Y 2 represents a single bond, an oxygen atom, C(=0), CH=CH, C(=0)-N(R 2 ) or N(R 2 ) 
-C(=0) (wherein R 2 represents a hydrogen atom or a C^q alkyl group); and Ar 2 represents a phthalimido-1-yl group, 
a dibenzofuranyl group, a C 3 . 10 cycloalkyl group, a C 2 . 9 oxacycloalkyl group, a C 2 . 9 lactam-1 -yl group, a 1 H-quinazoline- 
2,4-dion-1-yl group, or a group represented by the following formula: 



Formula (1) 




1 



EP 1 468 990 A1 



20 



30 



35 



45 



50 




X 1 



G 
Ar 3 

wherein D, E and G may be the same or different and each represents CH or a nitrogen atom; X 1 represents a 
10 hydrogen atom, a halogen atom, a C 1-10 alkyl group, a C 1-l0 alkoxy group, a hydroxyl group, an amino group, a car- 
bamoyl group, a C U5 alkylthio group or a phenyl group; and Ar 3 represents a phenyl group, a naphthyl group, a phenoxy 
group, or alternatively, a phenyl, naphthyl or phenoxy group substituted with 1 to 3 groups arbitrarily selected from a 
C^q alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a C^ 5 alkyl group(s), a trifluoromethyl group, a trifluoromethoxy 
15 group, a cyano group, a carbamoyl group or a phenyl group, or a group represented by the following formula: 

l— m ^x 2 




O 



wherein L, M and P may be the same or different and each represents CH, NH, a nitrogen atom, an oxygen atom 
25 or a sulfur atom; and X 2 represents a hydrogen atom, a halogen atom, a C^-iq alkyl group, a C^q alkoxy group, a 
hydroxyl group, an amino group, a carbamoyl group, a C,_ 5 alkylthio group or a phenyl group, or a group represented 
by the following formula: 




wherein I, J and K may be the same or different and each represents CH, NH, a nitrogen atom, an oxygen atom 
or a sulfur atom; X 1 is as previously defined; and Ar 4 represents a phenyl group or a phenyl group substituted with 1 
to 3 groups arbitrarily selected from a C^q alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, 
40 a halogen atom, a nitro group, an amino group, a mono- or di-substituted amino group with a C^ alkyl group(s), a 
trifluoromethyl group, a trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group, or a group rep- 
resented by the following formula: 



Ar 5 

Y 3 -Y^ 
X Ar 6 



wherein Y 3 -Y 4 represents CH 2 -C(R a ) [wherein R a represents a hydrogen atom or a group represented by the 
formula C0 2 R b or the formula CON(R b )R c (wherein R b and R c may be the same or different and each represents a 
hydrogen atom or a C^q alkyl group)], CH=C or C(=0)-CH; and Ar 5 and Ar 6 may be the same or different and each 
55 represents a phenyl group or a phenyl group substituted with 1 to 3 groups arbitrarily selected from a C^q alkyl group, 
a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino group, a mono- 
or di-substituted amino group with a C^, 5 alkyl group(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano 
group, a carbamoyl group or a phenyl group, or a group forming together with the adjacent carbon atom, a group 
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represented by the following formula: 



5 




10 

wherein R d and R e each represent a group arbitrarily selected from a hydrogen atom, a C^q alky! group, a C^q 
alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino group, a mono- or di- 
substituted amino group with a alkyl group(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano group, 
a carbamoyl group or a phenyl group; R a is as previously defined; and o and p each are an integer of 1 to 3, 
15 or a pharmaceutical^ acceptable salt thereof. There may be stereoisomers and optical isomers of the piperazine de- 
rivatives of this invention, which are also embraced by this invention. 

[0009] According to this invention, for the phenyl group substituted with 1 to 3 groups arbitrarily selected from a C^q 
alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a alkyl group(s), a trifluoromethyl group, a trifluoromethoxy 

20 group, a cyano group, a carbamoyl group or a phenyl group, there may, for example, be mentioned a 2-methylphenyl 
group, a 3-methylphenyl group, a 4-methylphenyl group, a 2-ethylphenyl group, a 3-ethylphenyl group, a 4-ethylphenyl 
group, a 2-propylphenyl group, a 3-propylphenyl group, a 4-propylphenyl group, a 4-isopropylphenyl group, a 4-ferf- 
butylphenyl group, a 2-methoxyphenyl group, a 3-methoxyphenyl group, a 4-methoxylphenyl group, a 4-ethoxylphenyl 
group, a 4-isopropoxyphenyl group, a 4-benzyloxyphenyl group, a 4-hydroxyphenyl group, a 2-fluorophenyl group, a 

25 3-fluorophenyl group, a 4-fluorophenyl group, a 2,4-difluorophenyl group, a 3,4-difluorophenyl group, a 3,5-difluoroph- 
enyl group, a 2-chlorophenyl group, a 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl group, a 
3-bromophenyl group, a 4-bromophenyl group, a 4-nitrophenyl group, a 4-aminophenyl group, a 4-dimethylaminophe- 
nyl group, a 4-trifluoromethylphenyl group, a 4-trifluoromethoxyphenyl group, a 4-cyanophenyl group, a 4-carbamoyl- 
phenyl group, a 4-biphenyl group, etc. 

30 [0010] For the phenyl group substituted with 1 to 3 halogen atoms, there may, for example, be mentioned a 2-fluor- 
ophenyl group, a 3-fluorophenyl group, a 4-fluorophenyl group, a 2,4-difluorophenyl group, a 3,4-difluorophenyl group, 
a 3,5-difluorophenyl group, a 2,4,6-trifluorophenyl group, a 2-chlorophenyl group, a 3-chlorophenyl group, a 4-chlo- 
rophenyl group, a 2-bromophenyl group, a 3-bromophenyl group, a 4-bromophenyl group, etc. 
[0011] For the phenyl group substituted with 1 to 3 groups arbitrarily selected from a C 1-10 alkyl group, C 1-10 alkoxy 

35 group, a halogen atom, a nitro group, an amino group, a mono- or di-substituted amino group with a alkyl group 
(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group, there may, 
for example, be mentioned a 2-methylphenyl group, a 3-methylphenyl group, a 4-methylphenyl group, a 2-ethylphenyl 
group, a 3-ethylphenyl group, a 4-ethylphenyl group, a 2-propylphenyl group, a 3-propylphenyl group, a 4-propylphenyl 
group, a 4-isopropylphenyl group, a 4-f erf-butyl phenyl group, a 2-methoxyphenyl group, a 3-methoxyphenyl group, a 

40 4-methoxylphenyl group, a 4-ethoxylphenyl group, a 4-isopropoxyphenyl group, a 2-fluorophenyl group, a 3-fluoroph- 
enyl group, a 4-fluorophenyl group, a 2,4-difluorophenyl group, a 3,4-difluorophenyl group, a 3,5-difluorophenyl group, 
a 2-chlorophenyl group, a 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl group, a 3-bromophenyl 
group, a 4-bromophenyl group, a 4-nitrophenyl group, a 4-aminophenyl group, a 4-dimethylaminophenyl group, a 4-tri- 
fluoromethylphenyl group, a 4-trifluoromethoxyphenyl group, a 4-cyanophenyl group, a 4-carbamoylphenyl group, a 

45 4-biphenyl group, etc. 

[0012] For the phenyl group substituted with 1 to 3 groups arbitrarily selected from a C^q alkyl group, a C^q alkoxy 
group, a halogen atom, a trifluoromethyl group, a trifluoromethoxy group or a carbamoyl group, there may, for example, 
be mentioned a 2-methylphenyl group, a 3-methylphenyl group, a 4-methylphenyl group, a 2-ethylphenyl group, a 
3-ethylphenyl group, a 4-ethylphenyl group, a 2-propylphenyl group, a 3-propylphenyl group, a 4-propylphenyl group, 

50 a 4-isopropylphenyl group, a 4-terf-butylphenyl group, a 2-methoxyphenyl group, a 3-methoxyphenyl group, a 4-meth- 
oxylphenyl group, a 4-ethoxylphenyl group, a 4-isopropoxyphenyl group, a 2-fluorophenyl group, a 3-fluorophenyl 
group, a 4-fluorophenyl group, a 2,4-difluorophenyl group, a 3,4-difluorophenyl group, a 3,5-difluorophenyl group, a 
2-chlorophenyl group, a 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl group, a 3-bromophenyl 
group, a 4-bromophenyl group, a 4-trifluoromethylphenyl group, a 4-trifluoromethoxyphenyl group, a 4-carbamoylphe- 

55 nyl group, etc. 

[0013] For the naphthyl group substituted with 1 to 3 groups arbitrarily selected from a C^q alkyl group, a C V10 
alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen group, a nitro group, an amino group, a mono- or di- 
substituted amino group with aC^ alkyl group(s), a trifluoromethyl group, a trifluoromethoxy group, a carbamoyl group 
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or a phenyl group, there may, for example, be mentioned a 2-methylnaphthalen-1 -yl group, a 3-methylnaphtha!en-1-yl 
group, a 4-methylnaphthalen-1-yl group, a 2-ethylnaphthalen-1-yl group, a 3-ethylnaphthalen-1-yl group, a 4-ethyl- 
naphthalen-1-yl group, a 2-propylnaphthalen-1-yl group, a 3-propylnaphtha!en-1-yl group, a 4-propylnaphthalen-1-yl 
group, a 2-methoxynaphthalen-1-yl group, a 3-methoxynaphthalen-1-yl group, a 4-methoxynaphthalen-1-yl group, a 

5 6-methoxynaphthalen-1-yl group, a 4-ethoxynaphthalen-1-yl group, a 4-isopropoxynaphtha!en-1-yl group, a 4-benzy- 
loxynaphthalen-1-yl group, a 4-hydroxynaphthalen-1-yl group, a 2-fluoronaphtha!en-1-yl group, a 3-fluoronaphthalen- 
1-yl group, a 4-fluoronaphthalen-1-yl group, a 2-chloronaphthalen-1-yl group, a 3-chloronaphthalen-1-yl group, a 
4-chloronaphthalen-1 -yl group, a 2-bromonaphthalen-1-yl group, a 3-bromonaphthalen-1-yl group, a 4-bromonaphtha- 
len-1-yl group, a 4-nitronaphthalen-1-yl group, a 4-aminonaphthalen-1-yl group, a 4-dimethyaminonaphthalen-1-yl 

10 group, a 4-trifluoromethylnaphthalen-1-yl group, a 4-trifiuoromethoxynaphthaten-1-yl group, a 4-cyanonaphthalen-1-yl 
group, a 4-carbamoylnaphthalen-1-yl group, a 4-phenyInaphthalen-1-yl group, etc. 

[0014] For the phenoxy group substituted with 1 to 3 groups arbitrarily selected from a C^q alkyl group, a C^q 
alkoxy group, an araikyloxy group, a hydroxyl group, a halogen group, a nitro group, an amino group, a mono- or di- 
substituted amino group with a alkyl group(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano group, 

15 a carbamoyl group or a phenyl group, there may, for example, be mentioned a 2-methylphenoxy group, a 3-methyl- 
phenoxy group, a 4-methylphenoxy group, a 2-ethylphenoxy group, a 3-ethylphenoxy group, a 4-ethylphenoxy group, 
a 2-propylphenoxy group, a 3-propylphenoxy group, a 4-propylphenoxy group, a 2-methoxyphenoxy group, a 3-meth- 
oxyphenoxy group, a 4-methoxylphenoxy group, a 4-ethoxylphenoxy group, a 4-isopropoxyphenoxy group, a 4-ben- 
zyloxyphenoxy group, a 4-hydroxyphenoxy group, a 2-fluorophenoxy group, a 3-fluorophenoxy group, a 4-fluorophe- 

20 noxy group, a 2-chlorophenoxy group, a 3-chlorophenoxy group, a 4-chlorophenoxy group, a 2-bromophenoxy group, 
a 3-bromophenoxy group, a 4-bromophenoxy group, a 4-nitrophenoxy group, a 4-aminophenoxy group, a 4-dimethyl- 
aminophenoxy group, a 4-trifluoromethylphenoxy group, a 4-trifluoromethoxyphenoxy group, a 4-cyanophenoxy group, 
a 4-carbamoylphenoxy group, a 4-phenylphenoxy group, etc. 

[0015] The C M alkyl group and the C^q alkyl group each refer to a straight- or branched-alkyl group. The alkyl 
25 group is, for example, a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a rerf-butyl group or the like. The C 4 . 10 alkyl group is, for example, a pentyl group, an isopentyl group, a 1-ethyl- 
propyl group, a hexyl group, an isohexyl group, a 1-ethylbutyl group, a heptyl group, an isoheptyl group, an octyl group, 
a nonyl group, a decyl group or the like. 

[0016] The C^q alkoxy group refers to a straight- or branched-alkoxy group and is, for example, a methoxy group, 
30 an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a pentyloxy group, an 
isopentyloxy group, a hexyloxy group, a heptyloxy group, an octyloxy group, a nonyloxy group, a decyloxy group or 
the like. 

[0017] The C 3 . 10 cycloalkyl group refers to a monocyclic or polycyclic cycloalkyl group and is, for example, a cyclo- 
propyl group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a 

35 cyclononyl group, a cyclodecyl group, an adamantan-1-yl group, an adamantan-2-yl group or the like. 

[0018] The C 2 . 9 oxacycloalkyl group refers to a cycloalkyl group wherein one of the ring carbon atoms is replaced 
by an oxygen atom and is, for example, an oxiranyl group, an oxetanyl group, a tetrahydrofuranyl group, a tetrahydro- 
pyranyl group, an oxepanyl group, an oxocanyl group, an oxonanyl group, an oxecanyl group or the like. 
[0019] The C^g alkylthio group refers to a straight- or branched-alkylthio group and is, for example, a methylthio 

40 group, an ethylthio group, a propylthio group, an isopropylthio group, a butylthio group, an isobutylthio group, a pentylth- 
io group, an isopentylthio group or the like. 

[0020] The mono- and di-substituted amino groups with a C^ 6 alkyl group(s) each refer to an amino group substituted 
with one or two straight- or branched-alkyl groups and are, for example, a methylamino group, an ethylamino group, 
a propylamino group, a dimethylamino group, a diethylamino group, a dipropylamino group or the like. 
45 [0021] The halogen atom refers to a fluorine atom, a chlorine atom, a bromine atom or an iodine atom. 

[0022] The pharmaceutical^ acceptable salts of this invention are, for example, salts with a mineral acid such as 
sulfuric acid, hydrochloric acid or phosphoric acid, or salts with an organic acid such as acetic acid, oxalic acid, lactic 
acid, tartaric acid, fumaric acid, maleic acid, methanesulfonic acid or benzenesulfonic acid. 

[0023] The compounds of the formula (1) may be prepared according to General Preparation Processes 1 to 8 as 
50 described below. However, the methods for preparing the compounds of this invention are not to be limited to those 
processes. 

[0024] In the reaction schemes below, Ar 1 , Ar 4 , Ar 5 , Ar 6 , A, Y, D, E, G, I, J, K, X 1 and n are as previously defined, 
Y 5 represents Y provided that a carbonyl group is excluded, X 4 represents a chlorine atom, a bromine atom or an 
iodine atom, R 4 represents a conventional amino protecting group such as an ethoxycarbonyl group or a benzyloxy- 
55 carbonyl group, R 5 represents a C^q alkyl group, the group Boc represents a rert-butoxycarbonyl group, and the 
symbol* means it to be optically active. 
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(General Preparation Process 1) 
[0025] 

5 

HhTV 0=< Ar1 __ 

Ar 1 > s ^ x 4 N — ' (2) N-N NR 4 "^"^y at 

to O . * % ~** / 

halogenating agent or / \ 5 

J5 Aj 1 sulfonating agent HN NR 

HO-( /— \ t W ® _ 
\_ N Klo4 



20 



NR 

(4) 



y v Ar 1 » / «w AT 

c / \ P' deprotection -5 K [ V, / 

s — ' ^— N NR W ^N NH 



(6) 



(7) 



30 



35 



xMCHak-Y 

(8) 



/ — \ Ar 1 
5 N N-< /— \ 
\ — t N—N N- 
\ / 



(CH 2 ) n -Y 



(9) 



[0026] The compound (1 ) is allowed to react with the compound (2) in the presence or absence of a base in an inert 

40 solvent to form the compound (3) and then the carbonyl group may be reduced in an inert solvent to synthesize the 
compound (4). The compound (4) is allowed to react with a halogenating agent or a sulfonating agent such as an 
alkylsulfonyl halide or an arylsulfonyl halide in the presence or absence of a base in an inert solvent, whereby the 
hydroxyl group is converted to a suitable leaving group. The compound (6) may then be synthesized by reaction with 
the piperazine derivative (5) in the presence or absence of a base in an inert solvent. Subsequently, the compound (6) 

« is subjected to the deprotection of the amino group to form the compound (7), and then reaction with the compound 
(8) in the presence or absence of a base in an inert solvent may produce the compound (9) of this invention. 
[0027] The base as used herein refers to, for example, an organic amine such as triethylamine, diisopropylethylamine 
or pyridine, or an inorganic base such as potassium carbonate, sodium hydrogencarbonate, sodium hydroxide, potas- 
sium hydroxide or sodium hydride. The reduction refers to, for example, reduction under acidic, neutral or alkaline 

so conditions using a boron reducing agent such as sodium borohydride, sodium cyanoborohydride, lithium borohydride, 
L-Selectride or K-Selectride, or an aluminum reducing agent such as lithium aluminum hydride, Red-A1 or diisobutyl 
aluminum hydride. The halogenating agent refers to, for example, a conventional halogenating agent for alcohol such 
as thionyl chloride, thionyl bromide or phosphoryl chloride. The sulfonating agent represented by an alkylsulfonyl halide 
or an arylsulfonyl halide refers to, for example, a conventional sulfonating agent for alcohol such as methanesulfonyl 

55 chloride, benzenesulfonyl chloride, toluenesulfonyl chloride or trifluoromethanesulfonyl chloride. The inert solvents are, 
for example, alcohols such as methanol and ethanol, ethers such as diethyl ether and tetrahydrofuran, hydrocarbons 
such as toluene and benzene, halogenated hydrocarbon solvents such as chloroform and dichloromethane, dimeth- 
ylformamide, acetonitrile, water and a mixture of these solvents. 
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(19) 



[0029] The compound (1 3) may be synthesized by treating the compound (10) with a base in an inert solvent, reacting 
it with the compound (11) to form the compound (12) and then treating the compound with an acid in an inert solvent. 
After the compound (13) is converted to the compound (14) by hydrogenation in an inert solvent, the latter compound 
is condensed with the compound (2) in an inert solvent to synthesize the compound (15). The Boc group of the com- 
pound (1 5) is deprotected in an inert solvent and is allowed to react with an alkylating agent in the presence or absence 
of a base in an inert solvent to perform conversion to the compound (16). The compound (17) may then be synthesized 
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by deprotection of an amino group. After the compound (17) is converted to the compound (18) by reducing the amido 
group of the former compound in an inert solvent, the compound (19) of this invention may be obtained by reacting 
the compound (18) with the compound (8) in the presence or absence of a base in an inert solvent. 
[0030] The bases as used herein are, for example, metal amides such as lithium diisopropylamide, lithium hexam- 

5 ethyldisilazide, sodium hexamethyldisilazide and potassium hexamethyldisilazide, metal hydrides such as sodium hy- 
dride and potassium hydride, organic amines such as triethylamine, diisopropylethylamine and pyridine, and inorganic 
bases such as potassium carbonate, sodium hydrogencarbonate, sodium hydroxide and potassium hydroxide. The 
acids as used herein are, for example, inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 
acid and phosphoric acid, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid, trifluoroacetic acid 

10 and formic acid. The hydrogenation as used herein refers to reaction using a metal catalyst commonly used such as 
palladium-carbon, palladium black, palladium hydroxide, platinum dioxide or Raney nickel in an inert solvent under 
hydrogen atmosphere. For the deprotection of an amino-protecting group such as Boc group, there may be used the 
method as described in Protective Groups in Organic Synthesis, by Theodora W. Greene and Peter G.M. Wuts. The 
alkylating agent as used herein refers to, for example, an alkyl halide such as methyl iodide, ethyl iodide, 1-bromopro- 

15 pane or 2-bromopropane or an alkyl sulfate such as dimethyl sulfate or diethyl sulfate. The reduction as used herein 
refers to, for example, reduction under acidic, neutral or basic conditions using a boron reducing agent such as diborane, 
or an aluminum reducing agent such as lithium aluminum hydride, Red-AI or diisobutyl aluminum hydride. The inert 
solvents as used herein are, for example, alcohols such as methanol and ethanol, ethers such as diethyl ether and 
tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbons such as chloroform and 

20 dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these solvents. 

(General Preparation Process 3) 
[0031] 

25 



H0 2 C-(CH 2 )n-i-Y 5 
30 \ / \ . \ ILJ (21) 



35 



40 



45 



50 




Ar 1 



R 5 N A— ( / — v reducing agent 

W — N N-TT-tCH^-Y 5 - 

W O 

(22) 




N N— (CH^-Y 5 

(23) 



55 [0032] The compound (20) obtainable by General Preparation Process 1 or 2 is condensed with the compound (21) 
in an inert solvent to form the compound (22), and the amido group in the compound (22) is reduced in an inert solvent 
to prepare the compound (23) of this invention. 

[0033] The condensation as used herein refers to, for example, amidation through an acid halide such as an acid 



8 



EP 1 468 990 A1 

chloride or acid bromide, amidation through a mixed anhydride using ethyl chlorocarbonate or isobutyl chlorocarbonate, 
oramidation using a condensing agent such as 1-(3,3-dimeythylaminopropyl)-3-ethylcarbodiimide, 1,3-dicyclohexyl- 
carbodiimide, diphenylphosphorylazide, diethyl cyanophosphate or carbonyldiimidazole. The reduction as used herein 
refers to, for example, reduction under acidic, neutral or basic conditions using a boron reducing agent such as diborane, 
or an aluminum reducing agent such as lithium aluminum hydride, Red-AI or diisobutyl aluminum hydride. The inert 
solvents as used herein are, for example, alcohols such as methanol and ethanol, ethers such as diethyl ether and 
tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbons such as chloroform and 
dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these solvents. 

(General Preparation Process 4) 

[0034] 

OHC-tCH^n-i-Y 5 
(24) 




R N 



Ar 1 

k_ ( i — \ 

^ — N N— 



(CH 2 ) n -Y 5 



(23) 



[0035] The compound (20) obtainable by General Preparation Process 1 or 2 and the compound (24) are treated 
with a reducing agent in the presence of an acid in an inert solvent to prepare the compound (23) of this invention. 
[0036] The acids as used herein are, for example, inorganic acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid and phosphoric acid, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid, 
trifluoroacetic acid, formic acid and acetic acid. The reducing agent as used herein refers to, for example, a boron 
reducing agent such as sodium borohydride, sodium cyanoborohydride, sodiumtriacetoxyborohydride or lithium boro- 
hydride. The inert solvents as used herein are, for example, alcohols such as methanol and ethanol, ethers such as 
diethyl ether and tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbons such as 
chloroform and dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these solvents. 
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(General Preparation Process 5) 
[0037] 



»° / — v Ar 1 ° O 



15 




(25) ot (26) 
formaldehyde derivative 



/ — \ Ar 1 

20 r s n A-( /—\ _ 

^— N N — (CH^-jp-Ar 2 



O 



(27) 

25 




(CHafe-fl— < 

30 N — ' O Ar$ 

(28) 

35 [0038] The compound (20) obtainable by General Preparation Process 1 or 2 and the compound (25) or the com- 
pound (26) are allowed to react with a formaldehyde derivative in the presence of an acid in an inert solvent to prepare 
the compound (27) or the compound (28) of this invention. 

[0039] The formaldehyde derivative as used herein refers to formalin, paraformaldehyde, 1,3-dioxolan or the like. 
The acids as used herein are, for example, inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, 
40 nitric acid and phosphoric acid, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid, trifluoroacetic 
acid, formic acid and acetic acid. The inert solvents as used herein are, for example, alcohols such as methanol and 
ethanol, ethers such as diethyl ether and tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated 
hydrocarbons such as chloroform and dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these 
solvents. 

45 



50 



55 
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(General Preparation Process 6) 
[0040] 



10 



1 HOaC-CCHaJ^-Y 5 

R 5 N^\-< (21) 



NH 

O W 

(17) 



,5 / \ Ar 

R 5 N V— ( / \ reducing agent 

^ >-N N-flHCH^-Y 5 



20 



25 R 5 N 



30 



o ^ 6 

(29) 



Ar 1 




N N — (CH2)n~ Y 5 

(30) 



[0041] The compound (17) obtainable by General Preparation Process 2 is condensed with the compound (21) in 
an inert solvent to form the compound (29) and the amido group in the compound (29) is reduced in an inert solvent 
to prepare the compound (30) of this invention. 

35 [0042] The condensation as used herein refers to, for example, amidation through an acid halide such as an acid 
chloride or acid bromide, amidation through a mixed anhydride using ethyl chlorocarbonate or isobutyl chlorocarbonate, 
or amidation using a condensing agent such as 1-(3,3-dimeythylaminopropyl)- 3-ethylcarbodiimide, 1 ,3-dicyclohexyl- 
carbodiimide, diphenylphosphorylazide, diethyl cyanophosphate or carbonyldiimidazole. The reduction as used herein 
refers to, for example, reduction under acidic, neutral or basic conditions using a boron reducing agent such as diborane, 

40 or an aluminum reducing agent such as lithium aluminum hydride, Red-AI or diisobutyl aluminum hydride. The inert 
solvents as used herein are, for example, alcohols such as methanol and ethanol, ethers such as diethyl ether and 
tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbons such as chloroform and 
dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these solvents. 

45 



50 



55 
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R N A 



halogenating agent 



N N — (CH 2 ) n -CH 2 — U-Ar 4 



(31) 




Ar 1 

^ — N N— 



X 4 O 
(CH2) n -CH— U-Ar 4 



ring closure 




(32) 



Ar' 



' — N N— 



(CH2) n 




(33) 



[0044] The compound (31 ) obtainable by General Preparation Process 1 or 2 is allowed to react with a halogenating 
agent in an inert solvent to form the compound (32), and the compound (32) is subjected to ring closure to prepare the 
compound (33) of this invention. 

[0045] The halogenating agent as used herein refers to chlorine, bromine, iodine, N-chlorosuccinimide, N-bromo- 
succinimide, N-iodosuccinimide or the like. The ring closure refers to, for example, the formation of a heterocyclic ring 
by reaction with a reagent such as acetamide, urea, thiourea, acetamidine or phenylamidine in the presence or absence 
of a base. The bases as used herein are, for example, organic amines such as triethylamine, diisopropylamine and 
pyridine, and inorganic bases such as potassium carbonate, sodium hydrogencarbonate, sodium hydroxide, potassium 
hydroxide and sodium hydride. The inert solvents are, for example, alcohols such as methanol and ethanol, ethers 
such as diethyl ether and tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbon 
solvents such as chloroform and dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these sol- 
vents. 
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(General Preparation Process 8) 
[0046] 



- / \ , Ar o DMF(OMe) 2 

W \_n X N-(CH2) B -CH 2 -JL-Ar 4 — — 



pyrrolidine 
(31) 

/ \ . Ar \ o closure 

R N A— ( f— \ II || A ^ 

W V N ^ N _ (CH 2 ) n -C— J-Ar 4 

(34) 



5 ^ A' 
R N A-\ , 

\ — f V-n 




Ar 1 



R S N A— ( , 
\ / \-fsj 




[0047] The compound (31 ) obtainable by General Preparation Process 1 or 2 is allowed to react with pyrrolidine and 
d im ethy If orm amide dimethylacetal in an inert solvent to form the compound (34), and the compound (34) is subjected 
to ring closure to prepare the compound (33) of this invention or the compound (35) of this invention. 
[0048] The ring closure as used herein refers to, for example, the formation of a heterocyclic ring by reaction with a 
reagent such as formamide, ammonium formate, urea, thiourea, guanidine or hydrazine in the presence or absence 
of a base. The bases as used herein are, for example, organic amines such as triethylamine, diisopropylethylamine 
and pyridine and inorganic bases such as potassium carbonate, sodium hydrogencarbonate, sodium hydroxide, po- 
tassium hydroxide and sodium hydride. The inert solvents are, for example, alcohols such as methanol and ethanol, 
ethers such as diethyl ether and tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocar- 
bon solvents such as chloroform and dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these 
solvents. 

(General Preparation Process 9) 

[0049] The optically active compound (9), (19), (23), (27), (28), (30), (33) or (35) according to this invention may be 
obtained by resolving each racemate of the compound (9), (19), (23), (27), (28), (30), (33) or (35) according to this 
invention through the general optical resolution using an acidic chiral resolving agent or through the optical resolution 
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with HPLC using a chiral stationary phase. Alternatively, the optically active compound (9) may be synthesized by 
resolving a racemate of the synthetic intermediate (6) or (7) through the optical resolution using an acidic chiral resolving 
agent or with HPLC using a chiral stationary phase, followed by the method described in General Preparation Process 
1 . Further, the optically active compound ( 1 9) may be synthesized by resolving a racemate of the synthetic intermediate 

5 (15), (16), (17) or (18) through the optical resolution using an acidic chiral resolving agent or with HPLC using a chiral 
stationary phase, followed by the method described in General Preparation Process 2. The optically active compound 
(23) may be synthesized by resolving a racemate of the synthetic intermediate (20) or (22) through the optical resolution 
using an acidic chiral resolving agent or with HPLC using a chiral stationary phase, followed by the method described 
in General Preparation Process 3 or 4. The optically active compound (27) or (28) may be synthesized by resolving a 

10 racemate of the synthetic intermediate (20) through the optical resolution using an acidic chiral resolving agent or with 
HPLC using a chiral stationary phase, followed by the method described in General Preparation Process 5. The optically 
active compound (30) may be synthesized by resolving a racemate of the synthetic intermediate (17) or (29) through 
the optical resolution using an acidic chiral resolving agent or with HPLC using a chiral stationary phase, followed by 
the method described in General Preparation Process 6. The optically active compound (33) may be synthesized by 

15 resolving a racemate of the synthetic intermediate (31) or (32) through the optical resolution using an acidic chiral 
resolving agent or with HPLC using a chiral stationary phase, followed by the method described in General Preparation 
Process 7 or 8. The optically active compound (35) may be synthesized by resolving a racemate of the synthetic 
intermediate (31) through the optical resolution using an acidic chiral resolving agent or with HPLC using a chiral 
stationary phase, followed by the method described in General Preparation Process 5. 

20 [0050] The acidic chiral resolving agent as used herein refers to an optically active organic acid such as (+) or (-)- 
di-p-toluoyltartaric acid, (+) or (-)-dibenzoyltartaric acid, (+) or (-)-tartaric acid, (+) or (-)-mandelic acid, (+) or (-)-cam- 
phoric acid or (+) or (-)-camphorsulfonic acid. 

[0051] The chiral stationary phase as used herein is a derivative such as a cellulose ester, a cellulose carbamate, 
an amylose carbamate, a crown ether or a polymetacrylate. 

25 



30 



35 
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(General Preparation Process 10) 
[0052] 



Ar 1 - 



o 

(1) 



Ar 



1 * 



OH 



ArV* 



(36) optically active substance < 37 ) Ktive substance 



HN NR* 

(2) 




halogenating agent or 
sulfonylating agent 



(4) optically active substance 
-N NR N , 



/~\ Ar 1 



HN NR" 



(5) 



(6) optically active substance 

X 4 -(CH 2 ) n -Y 

(8) 



^NH 

(7) optically active substance 



/-\ ,Ar' 

N — ' \-N N— 



(CH 2 ) n -Y 



(9) optically active substance 



[0053] The optically active alcohol (36) may be obtained by asymmetric reduction of the compound (1) in an inert 
solvent. The optically active compound (4) may be synthesized by epoxidation of the compound (36) in the presence 
or absence of a base in an inert solvent, followed by reaction with the compound (2) in an inert solvent. Subsequently, 
the optically active compound (9) of this invention may be obtained from the optically active compound (4) in the same 
manner as the steps of preparing the compound (9) from the compound (4) as described in General Preparation Process 
1. 

[0054] The asymmetric reduction as used herein refers to reduction with a boran-tetrahydrofuran complex using as 
an asymmetric auxiliary group, an oxazaborolidine such as (R)-5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaboro- 
lidine or (S)-5,5-diphenyl-2-methyl-3,4-propano-1,3,2- oxazaborolidine, reduction using an optically active metal hy- 
dride such as (R)-B-3-pinanyl-9-boracyclo[3.3.1]nonane, (S)-B-3-pinanyl-9-boracyclo[3.3.1]nonane, (-)-chlorodiisopi- 
nocamphenylborane, (+)-chlorodiisopinocamphenylborane, (R,R)-2,5-dimethylborane, (S,S)-2,5-dimethylborane, (R) 
-BINAL-H or (S)-BINAL-H, or asymmetric hydrogenation using an optically active metal catalyst such as BINAL-luthe- 
nium complex. The bases as used herein are, for example, organic amines such as triethylamine, diisopropylethylamine 
and pyridine, inorganic bases such as potassium carbonate, sodium hydrogencarbonate, sodium hydroxide, potassium 
hydroxide and sodium hydride, metal amides such as lithium diisopropylamide, lithium hexamethyldisilazide, sodium 
hexamethyldisilazide and potassium hexamethyldisilazide and metal hydrides such as sodium hydride and potassium 
hydride. The inert solvents are, for example, alcohols such as methanol and ethanol, ethers such as diethyl ether and 
tetrahydrofuran, hydrocarbons such as toluene and benzene, halogenated hydrocarbon solvents such as chloroform 
and dichloromethane, dimethylformamide, acetonitrile, water and a mixture of these solvents. 
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(General Preparation Process 11) 
[0055] 



R s 



/ — \ Ar 1 H0 2 C-(CH 2 ) M -Y s 
N N— < * / — v 
^ ^ — N NH g 1 ) 



(7) optically active substance 



Ar 1 



R 5 N N — ( ♦ / s. reducing agent 

W — N N-jptCH^-Y 5 
N — f O 

(38) optically active substance 

/ — s Ar 1 
R 5 N N— ( * / — ^ 

^— ' N ^ ^N— (CH^-Y 5 

(39) optically active substance 



[0056] The optically active compound (39) of this invention may be obtained from the optically active compound (7) 
that can be prepared according to General Preparation Process 10 in the same manner as in the steps of General 
Preparation Process 3. 

(General Preparation Process 12) 

[0057] 



R 5 



^ Ar 1 OHC-fCH^-Y 5 
N N— ( ♦ / — v 
^ W NH (24) 



(7) optically active substance 



/ \ Af1 

N ' ^ — N N — (CH2)„-Y 5 



(39) optically active substance 
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[0058] The optically active compound (39) of this invention may be obtained from the optically active compound (7) 
that can be prepared according to General Preparation Process 10 in the same manner as in the steps of General 
Preparation Process 4. 

(General Preparation Process 13) 

[0059] 



A* 

s /-\ A 1 A Ar * 



Ar 5 



Y 

R 5 N N-<* /-^ ° O 

/ ' — N I 



NH 



(25) or (26) 



(7) optically active substance fotmaldehy de derivative 

/ — \ Ar 1 
R 5 N N— ( * / — ^ 

N — f ^ — N N-(CH 2 ) 2 -Tr-Ar 2 

O 



(40) optically active substance 



Ar 1 



R S N A— (* / — ^ Ar 5 
V- N N — (CH2) 2 -]l — \ 
> — ' O Ar 6 

(41) 



[0060] The optically active compound (40) or (41) of this invention may be obtained from the optically active com- 
pound (7) that can be prepared according to General Preparation Process 10 in the same manner as in the steps of 
Genera! Preparation Process 4. 
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(General Preparation Process 14) 
[0061] 



I \ 



Ar 



N N— (* / — v 9 
W V_ N ^ N _ (CH2)n -CH 2 _lL_ A r 4 



halogenating agent 



(42) optically active substance 



N N— (» /— \ * 9 

^ ^ — N N — (CH 2 ) n -CH—LAr 4 



ting closure 



(43) optically active substance 



-N N-(CH2)„-^^- K 



(44) optically active substance 



Ar 4 



[0062] The optically active compound (44) of this invention may be obtained from the optically active compound (42) 
that can be prepared according to General Preparation Process 10 in the same manner as in the steps of General 
Preparation Process 7. 
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(General Preparation Process 1 5) 
[0063] 



/ — v Ar1 

R 5 N N— ( • 



\-N^N-(CH 2 ) n -CH 2 -J_ A r 4 
(42) optically active substance 

o 

R N N-(* II n , 
N — ' > — N N-(CH2)„-C "-Ar 4 



DMF(OMe) 2 



pyrrolidine 



ting closure 



(45) optically active substance 



R S N N — (* / — \ 

N — f ^—W N— (CH2) n 



(44) optically active substance 




N A— (* / — \ 

N — ' \— N N — i 
\ / 



(CH2) n 
(46) optically active substance 




[0064] The optically active compound (44) or (46) of this invention may be obtained from the optically active com- 
pound (42) that can be prepared according to General Preparation Process 10 in the same manner as in the steps of 
General Preparation Process 8. 

[0065] The compounds of this invention may be administered orally or parenterally. Dosage forms for administration 
may include tablets, capsules, granules, powders, fine powders, troches, ointments, creams, emulsions, suspensions, 
suppositories, injections, etc. and all the dosage forms may be prepared according to conventional formulation tech- 
niques (for example, the methods as prescribed in the Japanese Pharmacopoeia 14th Ed.). These dosage forms may 
be suitably selected depending on the symptom and the age of a patient as well as on therapeutic purposes. In preparing 
pharmaceutical preparations in various dosage forms, there may be used usual excipients (for example, crystalline 
cellulose, starch, lactose, mannitol, etc.), binders (for example, hydroxypropylcellulose, polyvinylpyrrolidone, etc.), lu- 
bricants (for example, magnesium stearate, talc, etc.), disintegrating agents (for example, carboxymethylcellulose cal- 
cium etc.) and others. 

[0066] The dose for a compound of this invention may be 1-2000 mg/day in treatment of an adult, and it may be 
given once or in several divided forms daily. The dose may be suitably increased or decreased depending on the age, 
the body weight and the symptom of the patient. 
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Best Mode for Carrying out the Invention 

[0067J This invention will be more fully described by way of the following examples, but the invention is not to be 
limited to these examples. 

5 

Example 1 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3*biphenyl-2-yl-propyl)piperazine 
tetrahydrochloride (Compound 1 in Table 1) 

10 

[0068] 

(1) 2-Chloro-4 , -fluoroacetophenone (8.6 g) and 1-ethoxycarbonylpiperazine (16.0 g) in 60 ml of chloroform was 
heated under reflux for 3 hours. After cooling the reaction solution to room temperature, it was concentrated under 

15 reduced pressure, to which cone, aqueous ammonia was added; and it was extracted with ether. The organic layer 

was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtering off the drying agent, the filtrate was concentrated under reduced pressure to give crude 1-ethoxycarbonyl- 
4-[2-(4-fluorophenyl)-2-oxoethyl]piperazine. To the crude 1-ethoxycarbonyl-4-[2-(4-fluorophenyl)-2-oxoethyl]pip- 
erazine thus obtained dissolved in 80 ml of ethanol was added 2.0 g of sodium borohydride and one drop of a 5% 

20 aqueous potassium hydroxide solution dissolved in 10 ml of water. It was heated at 50 °C for 1 hour. The reaction 

solution was concentrated under reduced pressure, water was then added and it was extracted with ether. The 
organic layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced pressure. A 4M hydrogen 
chloride/ethyl acetate solution was added to the residue and it was concentrated under reduced pressure. The 

25 resulting solid was washed with ether to give 18.0 g of 1-ethoxycarbonyl-4-[2-(4-fluorophenyl)-2-hydroxyethyl] 

piperazine hydrochloride. 

(2) To 10.0 g of 1-ethoxycarbonyl-4-[2-(4-fluorophenyl)-2-hydroxyethyl]piperazine hydrochloride were added 30 
ml of benzene and 3.3 ml of thionyl chloride. It was stirred at 50 °C for 10 minutes. The reaction solution was 
concentrated under reduced pressure, to which 25% aqueous ammonia and water were added; and it was extracted 

30 with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride solution and dried 

over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced 
pressure to give 10.0 g of 1-ethoxycarbonyl-4-[2-chloro-2-(4-fluorophenyl)ethyl]piperazine. 

(3) To 10.0 g of 1-ethoxycarbonyl-4-[2-chloro-2-(4-fluorophenyl)ethyl]piperazine dissolved in 50 ml of benzene 
were added 12.1 g of 1-isopropylpiperazine dihydrochloride and 21.3 ml of diisopropylethylamine. It was stirred 

35 at 65 °C for 6 hours. To the reaction solution was added a saturated aqueous sodium bicarbonate solution, and it 

was extracted with ether. The organic layer was washed with a saturated aqueous sodium chloride solution and 
dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl acetate 
=4:1) to give 9.6 g of oily 1-ethoxycarbony!-4-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine. 

40 (4) To 6.2 g of 1-ethoxycarbonyl-4-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine dissolved in 15 ml 

of ethanol was added 6.2 g of potassium hydroxide. It was heated under reflux for 1 hour. After cooling the reaction 
solution to room temperature, water was added thereto; and it was extracted with ethyl acetate. The organic layer 
was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtering off the drying agent, the filtrate was concentrated under reduced pressure to give 5.7 g of crude 1 -[2-(4-fluor- 

« ophenyl)-2-(4-isopropylpiperazino)ethyl]-piperazine. 

(5) To 0.30 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine dissolved in 5 ml of dimethylforma- 
mide were added 0.24 g of 3-biphenyl-2-yl-propionic acid, 0.21 g of 1-(3,3-dimethylaminopropyl)-3-ethylcarbod- 
imide hydrochloride, 0.18 g of 1-hydroxybenzotriazole monohydrate and 0.14 g of triethylamine. It was stirred at 
room temperature overnight. To the reaction solution was added a saturated aqueous sodium bicarbonate solution, 

50 and it was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride 

solution and dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane: 
ethyl acetate=1 : 1 ) to give 0.34 g of oily 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3-biphenyl-2-ylpro- 
pionyl)piperazine. 

55 (6) To 0.30 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3-biphenyl-2-ylpropionyl)-piperazine dis- 

solved in 2.5 ml of tetrahydrofuran was added 21 ml of lithium aluminum hydride. It was heated under reflux for 
30 minutes. After cooling the reaction solution to room temperature, 1 ml of 25% aqueous ammonia was added 
thereto. The precipitates thus formed were filtered off by filtration with Celite. The filtrate was concentrated under 
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reduced pressure, and the residue was purified by silica gel column chromatography (Chromatorex NH, hexane: 
ethyl acetate=1 : 1 ) to give 0. 1 9 g of oily 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3-biphenyl-2-ylpro- 
pyl)-piperazine. 

(7) To 0.19 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3-biphenyl-2-ylpropyl)-piperazine dis- 
5 solved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction solution 

was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 
Crystals were recovered by filtration and washed with ethyl acetate to give 0.20 g of 1-[2-(4-fluorophenyl)-2-(4-iso- 
propylpiperazino)ethyl]-4-(3-biphenyl-2-ylpropyl)-piperazine tetra hydrochloride. 

w [0069] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 2 

is Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopro^ 
(Compound 39 in Table 1) 

[0070] 

20 (1) To 0.33 g of 1-(2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine obtained in Example 1-(4) dis- 

solved in 5 ml of dimethylformamide were added 0.33 g of 2-(3-bromopropenyl)biphenyl and 0.19 g of diisopro- 
pylethylamine. It was stirred at room temperature for 2 hours. To the reaction solution was added a saturated 
aqueous sodium bicarbonate solution, and it was extracted with ethyl acetate. The organic layer was washed with 
a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtering off the drying 

25 agent, the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chro- 

matography (Chromatorex NH, hexane:ethyl acetate=1:1) to give 0.15 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopro- 
pylpiperazino)ethyl]-4-(3-biphenyl-2-ylallyl)piperazine. 

(2) To 0.15 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(3-biphenyl-2-ylallyl)piperazine dissolved 
in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction solution was 
30 concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. Crystals 

were recovered by filtration and washed with ethyl acetate to give 0.14 g of 1-[2-(4-fluorophenyl)-2-(4-isopropyl- 
piperazino)ethyl]-4-(3-biphenyl-2-ylallyl)-piperazine tetra hydrochloride. 

[0071] Structures and physical property data for this compound and the compounds obtained in like manner are 
35 shown in Table 1. 

Example 3 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4 , -cyanobiphenyl-2-yl)propyl]piperazine 
40 tetra hydrochloride (Compound 21 in Table 1) 

[0072] 

(1) To 0.67 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine obtained in Example 1-(4) dis- 
45 solved in 5 ml of methylene chloride were added 0.57 g of 2'-(3-oxopropyl)biphenyl-4-carbonitrile, 0.66 g of acetic 

acid and 0.51 g of sodium triacetoxyborohydride. It was stirred at room temperature for 30 minutes. To the reaction 
solution was added a saturated aqueous sodium bicarbonate solution, and it was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was 
50 purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl acetate=1:1) to give 0.75 g of oily 

1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4*-cyanobiphenyl-2-yl)propyl)piperazine. 

(2) To 0.75 g of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4'-cyanobiphenyl-2-yl)propyl]piperazine 
dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction solution 
was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 

55 Crystals were recovered by filtration and washed with ethyl acetate to give 0.74 g of 1 -[2-(4-fluorophenyl)-2-(4-iso- 

propylpiperazino)ethyl]-4-[3-(4'-cyanobiphenyl-2-yl)propyl]piperazine tetrahydrochloride. 

[0073] Structures and physical property data for this compound and the compounds obtained in like manner are 
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shown in Table 1 . 
Example 4 

5 Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethy^ 
tetrahydrochloride (Compound 22 in Table 1) 

[0074] 

10 (1) To 0.15 g of 1-[2-(4-fluorophenyl)-2-(4-isopropy^ 

zine dissolved in 1.5 ml of ferf-butanol was added 50 mg of potassium hydroxide. It was heated under reflux for 
30 minutes. After cooling the reaction solution to room temperature, a saturated aqueous sodium bicarbonate 
solution was added thereto; and it was extracted with chloroform. The organic layer was washed with a saturated 
aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtering off the drying agent, the 

is filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(Chromatorex NH, hexane:ethyl acetate=1:1) to give 0.11 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino) 
ethyll^-p^^-carbamoylbiphenyl^-yljpropyllpiperazine. 
(2) To 0.10 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperari 

azine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 
20 solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 

methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.10 g of 1-[2-(4-fluorophe- 
nyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4'-carbamoylbiphenyl-2-yl)propyl]piperazine tetrahydrochloride. 

[0075] Structures and physical property data for this compound and the compounds obtained in like manner are 
25 shown in Table 1 . 

Example 5 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-carbamoyl-4-phenylthiazol-5-yl)propyl] 
30 piperazine tetrahydrochloride (Compound 85 in Table 1) 

[0076] 

(1) 1-[2-(4-fluorophenyl)-2-(4-isopropylpipe^ 
35 azine (0.15 g) obtained in the same manner as in Example 2 was dissolved in 5 ml of a saturated ammonia/ethanol 

solution and it was allowed to stand overnight. The reaction solution was concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl acetate=4:1) to 
give 0.15 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-carbamoyl-4-phenylthiazol-5-yl) 
propyl]piperazine. 

40 (2) To 0.13 g of 1-[2-(4-fluoropheny!)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-carbamoyl-4-phenylthiazol-5-yl)pro- 

pyl]piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The 
reaction solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl 
acetate/methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.1 5 g of 1-[2-(4-fluor- 
ophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-carbamoyl-4-phenylthiazol-5-yl)propyl]piperazine tetrahydro- 

45 chloride. 

[0077] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1. 

so Example 6 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4-phenylthiazol-5-yl)propyl]piperazine 
tetrahydrochloride (Compound 81 in Table 1) 

55 [0078] 

(1) To 0.14 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpipe^ 

propyljpiperazine obtained in the same manner as in Example 2 dissolved in 5 ml of ethanol was added 0.28 ml 
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of a 1M aqueous sodium hydroxide solution. It was heated under reflux for 5 hours. After cooling the reaction 
solution to room temperature, 3 ml of a 4M hydrogen chloride/1 ,4-dioxane solution was added thereto; and it was 
stirred overnight. The reaction solution was concentrated under reduced pressure. A 1 M aqueous sodium hydrox- 
ide solution was added to the residue, and then, it was extracted with ethyl acetate. The organic layer was washed 
5 with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtering off the 

drying agent, the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (Chromatorex NH, hexane:ethyl acetate=4:1) to give 90 mg of oily 1-[2-(4-fluorophenyl)-2-(4-iso- 
propylpiperazino)ethyl]-4-[3-(4-phenylthiazol-5-yl)propyl]piperazine. 

(2) To 90 mg of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4-phenylthiazol-5-yl-)propyl]piperazine 
10 dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction solution 

was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 
Crystals were recovered by filtration and washed with ethyl acetate to give 95 mg of 1-[2-(4-fluoropheny!)-2-(4-iso- 
propylpiperazino)ethyl]-4-[3-(4-phenylthiazol-5-yl)propyl]piperazine tetrahydrochloride. 

*5 [0079] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 7 

20 Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-hydroxymethyl-4-phenylthiazol-5-yl)propyl] 
piperazine tetrahydrochloride (Compound 83 in Table 1) 

[0080] 

25 (1) To 0.15 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-ethoxycarbonyl-4-phenylthiazol-5-yl) 

propyl]piperazine obtained in the same manner as in Example 2 dissolved in 3 ml of ethanol was added 21 mg of 
sodium borohydride. It was stirred overnight. To the reaction solution was added a saturated aqueous sodium 
bicarbonate solution, and it was extracted with ethyl acetate. The organic layer was washed with a saturated 
aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtering off the drying agent, the 

30 filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(Chromatorex NH, hexane:ethyl acetate=4:1) to give 0.11 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino) 
ethyl]-4-[3-(2-hydroxymethyl-4-phenylthiazol-5-yl)propyl]piperazine. 

(2) To 0.10 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-hydroxymethyl-4-phenylthiazol-5-yl) 
propyl]piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. 
35 The reaction solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl 

acetate/methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0. 1 1 g of 1 -[2-(4-fluor- 
ophenyl)-2-(4-isopropyl-piperazino)ethyl]-4-[3-(2-hydroxymethyl-4-phenylthiazol-5-yl)propyl]piperazine tetrahy- 
drochloride. 

40 [0081] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 8 

45 Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylpyrimidin-5-yl)propyl] 
piperazine pentahydrochloride (Compound 94 in Table 1) 

[0082] 

50 (1 ) To 2.50 g of 1 -[2-(4-fluorophenyl)-2-(4isopropylpiperazino)ethyl]-4-(5-oxo-5-phenylpentyl)piperazine obtained 

in the same manner as in Example 2 dissolved in 7 ml of dimethylformamide were added 7 ml of N,N-dimethylfor- 
mamide dimethylacetal and 7 ml of pyrrolidine. It was heated under reflux for 3 hours. After cooling the reaction 
solution to room temperature, a saturated aqueous sodium bicarbonate solution was added thereto; and it was 
extracted with chloroform. The organic layer was washed with a saturated aqueous sodium chloride solution and 

55 dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced 

pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl ace- 
tate=4:1) to give 2.95 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(4-benzoyl-5-pyrrolidin- 
1 -ylpent-4-enyl)piperazine. 



23 



EP 1 468 990 A1 



(2) 1-[2-(4-Fluorophenyl)-2-(4-isopropylpip^^ 

(0.50 g) was dissolved in 5 ml of ethanol. To this solution was added 91 mg of guanidine hydrochloride and 54 mg 
of potassium hydroxide in ethanol while filtering. The reaction solution was stirred at room temperature for 3 days 
and then heated under reflux for 9 hours. After cooling the reaction solution to room temperature, a saturated 

5 aqueous sodium bicarbonate solution was added thereto; and it was extracted with ethyl acetate. The organic 

layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 
After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (Chromatorex NH , hexanerethyl acetate =3: 1 ) to give 0.20 g of oily 1 -[2-(4-fluor- 
ophenyl)-2-(4Hsopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylpyrimidin-5-yl)propyl]piperazine. 

10 (3) To 0.20 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylpyrimidin-5-yl)propyl] 

piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 
solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 
methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.19 g of 1-[2-(4-fluorophe- 
nyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylpyrimidin-5-yl)-propyl]piperazine pentahydrochloride. 

15 

[0083] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 9 

20 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4-phenylpyrimidin-5-yl)propyl]piperaz 
pentahydrochloride (Compound 93 in Table 1) 

[0084] 

25 

(1 ) To 0.50 g of 1 -[2-(4-fIuorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(4-benzoyl-5-pyrrolidin-1 -ylpent-4-enyl)pip- 
erazine obtained in Example 8-(1), 0.55 g of ammonium formate, 5 ml of formamide and 0.1 ml of water were 
added. It was stirred at 180 °C for 2 hours. After cooling the reaction solution to room temperature, a saturated 
aqueous sodium bicarbonate solution was added thereto; and it was extracted with ethyl acetate. The organic 

30 layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 

After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (Chromatorex NH , hexanerethyl acetate=4: 1 ) to give 0. 1 6 g of oily 1 -[2-(4-fluor- 
ophenyl)-2-(4-isopropylpiperazino)ethyl]-4*[3-(4-phenylpyrimidin-5-yl)-propyl]piperazine. 

(2) To 0.16 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4-phenylpyrimidin-5-yl)-propyl]pipera- 
35 zine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 

solution was concentrated under reduced pressure and then the residue was crystallized from ethyl acetate/meth- 
anol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.15 g of 1-[2-(4-fluorophenyl)- 
2-(4-isopropylpiperazino)ethyl]-4-[3-(4-phenylpyrimidin-5-yl)propyl]piperazine pentahydrochloride. 

40 [0085] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 10 

45 Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylthiazol-5-yl)propyl] 
piperazine tetrahydrochloride (Compound 84 in Table 1) 

[0086] 

so (1) 1-[2-(4-Fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(5-oxo-5-phenylpentyl)piperazine (0.20 g) obtained in 

the same manner as in Example 2 was dissolved in 8 ml of a mixed solvent of chloroform and acetic acid (2:1). 
To this solution was added dropwise 47 mg of bromine dissolved in 2 ml of a mixed solvent of chloroform and 
acetic acid (2:1) over 10 minutes. The reaction solution was concentrated under reduced pressure to give 0.22 g 
of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(4-bromo-5-oxo-5-phenylpentyl)piperazine. 

55 (2) To 0.20 g of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(4-bromo-5-oxo-5-phenylpentyl)piperazine 

dissolved in 2 ml of ethanol was added 19 mg of thiourea. It was heated under reflux for 1 hour. After cooling the 
reaction solution to room temperature, a saturated aqueous sodium bicarbonate solution was added thereto; and 
it was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride 
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solution and dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane: 
ethyl acetate=3:1) to give 70 mg of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phe- 
nylthiazol-5-yl)propyl]piperazine. 
5 (3) To 70 mg of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)e^ 

piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 
solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 
methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 70 mg of 1 -[2-(4-fluoropheny!)- 
2-(4-isopropylpiperazino)ethyl]-4-[3-(2-amino-4-phenylthiazol-5-yl)propyl]piperazine tetrahydrochloride. 

10 

[0087] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 11 

15 

Synthesis of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(3-hydroxy-5-phenyl-1 H-pyrazol-4-yl)propyl] 
piperazine tetrahydrochloride (Compound 92 in Table 1) 

[0088] 

20 

(1) To 0.13 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-(4-ethoxycarbonyl-5-oxo-5-phenylpentyl) 
piperazine obtained in the same manner as in Example 2 dissolved in 2 ml of ethanol was added 0.1 2 g of hydrazine 
hydrate. It was heated under reflux for 3 hours. After cooling the reaction solution to room temperature, a saturated 
aqueous sodium bicarbonate solution was added thereto; and it was extracted with ethyl acetate. The organic 

25 layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 

After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (Chromatorex NH, hexane:ethyl acetate=3: 1 ) to give 0. 1 1 g of oily 1 -[2-(4-fluor- 
ophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(3-hydroxy-5-phenyl-1H-pyrazol-4-yl)propyl]piperazine. 

(2) To 0.11 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperaz^ 

30 propyl]piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. 

The reaction solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl 
acetate/methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.1 0 g of 1-[2-(4-fluor- 
ophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(3-hydroxy-5-pheny!-1H-pyrazol-4-yl)propyl]piperazine tetrahydro- 
chloride. 

35 

[0089] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1. 

Example 12 

40 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-[2-(2-aminothiazol-4-yl)phenyl]propyl] 
piperazine tetrahydrochloride (Compound 60 in Table 1) 

[0090] 

45 

(1 ) To 0.55 g of 1 -t2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(2-acetylphenyl)propionyl]piperazine ob- 
tained in the same manner as in the steps up to Example 1-(5) were added 1.3 ml of a 25% hydrobromide/acetic 
acid solution and 5 ml of chloroform. It was stirred for 10 minutes. To the solution was added dropwise a chloroform 
solution (2 ml) of 0.21 g of bromine. The reaction solution was stirred at room temperature for 1 hour and then 

50 concentrated under reduced pressure. The residue was dissolved in 10 ml of ethanol, to which 0.25 g of thiourea 

was added; and it was heated under reflux for 30 minutes. After cooling the reaction solution to room temperature, 
a saturated aqueous sodium bicarbonate solution was added thereto; and it was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was 

55 purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl acetate =1:1) to give 0.44 g of oily 

1-[2-(4-nuorophenyl)-2-(4-isopropylpiperazino)ethyl]^-[3-[2-(2-aminothiazol-4-yl)phenyl]propionyl]piperazine^ 

(2) To 0.34 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-[2-(2-aminothiazol-4-yl)phenyl]propio- 
nyl]piperazine dissolved in 5 ml of tetrahydrofuran was added 23 mg of lithium aluminum hydride. It was heated 
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under reflux for 1 hour. After cooling the reaction solution to room temperature, 1 ml of 25% aqueous ammonia 
was added thereto. The resulting precipitates were filtered off by filtration with Celite. The filtrate was concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane: 
ethyl acetate=4:1) to give 0.22 g of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-[2-(2-aminothia- 

5 zol-4-yl)phenyl]propyl]piperazine. 

(3) To 0.19 g of 1-(2-(4-fluorophenyl)-2-(4-tsopropylpiperazino)ethyl]-4-[3-[2-(2-aminothiazol-4-yl)phenyl]propyl] 
piperazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 
solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 
methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 0.20 g of 1-[2-(4-fluorophe- 

10 nyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-[2-(2-aminothiazol-4-yl)phenyl]propyl]piperazinetetrahydrochlor^ 

[0091] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

15 Example 13 

Synthesis of 1-[2-(4-fluorophenyi)-2-(4-isopropyL 
piperazine tetrahydrochloride (Compound 46 in Table 1) 

20 [0092] 

(1) To 5.7 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine obtained in Example 1-(4) dissolved 
in 40 ml of ethanol was added 20 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction solution was 
concentrated under reduced pressure, and then, the resulting solid was then washed with ethyl acetate to give 

25 5.3 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine tetrahydrochloride. 

(2) To 0.50 g of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]piperazine tetrahydrochloride were added 0.27 
g of 2-acetyl-4'-fluorobiphenyl, 0.1 ml of cone, hydrochloric acid, 3 ml of 1,3-dioxolan and 5 ml of diethyleneglycol. 
It was stirred at 1 50 °C for 30 minutes. After cooling the reaction solution to room temperature, toluene was added 
thereto. It was washed with a saturated aqueous sodium bicarbonate solution and a saturated aqueous sodium 

30 chloride solution. The organic layer was dried over anhydrous sodium sulfate. After filtering off the drying agent, 

the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy (Chromatorex NH, hexane:ethyl acetate=10:1, and Wakogel C200, chloroform:methanol=20:1) to give 80 
mg of oily 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino^ 
zine. 

35 (3) To 80 mg of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[3-(4 , -fluorobiphenyl-2-yl)-3-oxo-prop 

erazine dissolved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1, 4-dioxane solution. The reaction 
solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 
methanol. Crystals were recovered by filtration and washed with ethyl acetate to give 65 mg of 1 -(2-(4-fluorophenyl)- 
2-(4-isopropylpiperazino)ethyl]-4-[3-(4'-fluorobiphenyl-2-yl)-3-oxo-propyl]piperazine tetrahydrochloride. 

40 

Example 14 

Synthesis of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperazin-4-yl)ethyl]-4-[3-biphenyl-2-ylpropyl)piperazine 
trihydrochloride (Compound 29 in Table 1) 

45 

[0093] 

(1) To 48.3 ml of diisopropylamine dissolved in 200 ml of tetrahydrofuran was added dropwise at 0 °C 137 ml of 
a 2.5 M n-butyl lithium/hexane solution. To the reaction solution was added dropwise 100 ml of 25.2 g of p-fluor- 

50 ophenylacetic acid in tetrahydrofuran and then 28.4 ml of hexamethylphosphoric triamide (HMPA) was added. The 

reaction solution was allowed to raise to room temperature, and it was stirred for 30 minutes. The reaction solution 
was cooled to 0 °C, to which 32.5 g of 1 -fert-butoxycarbony!-4-piperidone in tetrahydrofuran (100 ml) was added 
dropwise. After allowing the reaction solution to raise to room temperature, it was stirred for 3 hours. To the reaction 
solution was added water; and it was extracted with ethyl acetate. The aqueous layer was made acidic by addition 

55 of potassium hydrogensulfate, and it was extracted with ethyl acetate. The organic layer was washed with a sat- 

urated aqueous sodium chloride solution and then dried over anhydrous sodium sulfate. After filtering off the drying 
agent, the filtrate was concentrated under reduced pressure. Ether was added to the residue; and it was stirred 
at room temperature. The crystals thus separated were recovered by filtration and then washed with ether to give 



26 



EP 1 468 990 A1 



30.0 g of powdery 1-ferf-butoxycarbonyl-4-[carboxy-(4-fluorophenyl)methyl]-4-hydroxypiperidine. 

(2) To a suspension of 30.0 g of 1 -tert-butoxycarbonyl- 4-[carboxy-(4-fluorophenyl)methyl)-4-hydroxypiperidine in 
60 ml of chloroform was added dropwise at 0 °C 60 ml of cone, sulfuric acid. The reaction solution was heated 
under reflux for 3 hours and cooled to 0 °C. To the reaction solution were added 400 ml of a 4M aqueous solution 

5 of sodium hydroxide, 200 ml of 1 ,4-dioxane and 22.2 g of di-tert-butyldicarbonate. After stirring the reaction solution 

at room temperature for 30 minutes, it was made acidic by addition of potassium hydrogensulfate and extracted 
with chloroform. The organic layer was washed with a saturated aqueous sodium chloride solution and dried over 
anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (WAKOGEL C200, chloroform:methanol=10:1) to 

w give 28.3 g of oily 1-fert-butoxycarbonyl-4-[carboxy-(4-fluorophenyl)methyl]-3,6-dihydro-2H-pyridine. 

(3) To 28.3 g of 1 -fert-butoxycarbonyl-4-[carboxy-(4-fluorophenyl)methyl]-3,6-dihydro-2H-pyridine dissolved in 300 
ml of methanol was added 2.80 g of palladium hydroxide/carbon; and it was stirred at room temperature under 
hydrogen atmosphere for 2 days. The catalyst was filtered off by filtration with Celite. The filtrate was concentrated 
under reduced pressure to give 28.0 g of crude 1-fert-butoxycarbonyl-4-[carboxy-(4-fluorophenyl)-methyl]piperid- 

is ine. 

(4) To 9.2 g of 1-ferf-butoxycarbonyl-4-[carboxy-(4-fluorophenyl)methyl]piperidine in 100 ml of dimethylformamide 
were added 6.6 g of 1-benzyloxycarbonylpiperazine, 6.3 g of 1-(3,3-dimethylaminopropyl)- 3-ethylcarbodiimide 
hydrochloride, 6.3 g of 1 -hydroxybenzotriazole hydrate and 4.5 ml of triethylamine. It was stirred at room temper- 
ature for 3 hours. To the reaction solution was added a saturated aqueous sodium bicarbonate solution and ex- 

20 tracted with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride solution and 

dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl ace- 
tate=4:1) to give 11.0 g of oily 1-benzyloxycarbonyl-4-[2-(1-tert-butoxycarbonylpiperidin-4-yl)-2-(4-fluorophenyl) 
acetyl] piperazine. 

25 (5) To 10.6 g of 1-benzyloxycarbonyl-4-[2-(1-fert-butoxycarbonyIpiperidin-4-yl)-2-(4-fluorophenyl)acetyl]-pipera 

zine dissolved in 100 ml of methanol was added 50 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. It was 
stirred at room temperature for 1 hour. The reaction solution was concentrated under reduced pressure. Ethyl 
acetate was added to the residue, and it was washed with a 1 M aqueous sodium hydroxide solution and a saturated 
aqueous sodium chloride solution. The organic layer was dried over anhydrous sodium sulfate. After filtering off 

30 the drying agent, the filtrate was concentrated under reduced pressure. The residue was dissolved in 100 ml of 

dimethylformamide, to which 2.95 ml of 2-iodopropane and 8.1 g of potassium carbonate were added; and it was 
stirred at room temperature overnight. To the reaction solution was added ethyl acetate, and it was washed with 
water and a saturated aqueous sodium chloride solution. The organic layer was dried over anhydrous sodium 
sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced pressure. The residue was 

35 purified by silica gel column chromatography (Chromatorex NH, hexaneiethyl acetate=4:1) to give 6.2 g of oily 

1-benzyloxycarbonyl-4*[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)acetyIpiperazine. 

(6) To 6.1 g of 1-benzyloxycarbonyl-4-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)acetylpiperazine dissolved 
in 60 ml of methanol was added 0.60 g of palladium hydroxide/carbon. It was stirred at room temperature under 
hydrogen atmosphere overnight. The catalyst was filtered off by filtration with Celite. The filtrate was concentrated 

40 under reduced pressure to give 4.80 g of oily 2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)-1-piperazin-1-yleth- 

anone. 

(7) To 0.30 g of 2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)-1-piperazin-1-ylethanone dissolved in 5 ml of 
dimethylformamide were added 0.22 g of 3-biphenyl-2-ylpropionic acid, 0.20 g of 1-(3,3-dimethylaminopropyl)- 
3-ethylcarbodiimide hydrochloride, 0.20 g of 1 -hydroxybenzotriazole hydrate and 0.14 ml of triethylamine. It was 

45 stirred at room temperature for 3 hours. To the reaction solution was added a saturated aqueous sodium bicarbo- 

nate solution and extracted with ethyl acetate. The organic layer was washed with a saturated aqueous sodium 
chloride solution and dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was con- 
centrated under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex 
N H , hexaneiethyl acetate=2: 1 ) to give 0.30 g of oily 3-biphenyl-2-yl-1 -[4-[2-(4-fluorophenyl)-2-( 1 -isopropylpiperid- 

50 in-4-yl)acetyl]piperazin-1-yl]propane-1-one. 

(8) To 0.28 g of 3-biphenyl-2-yl-l-[4-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)acetyl]-piperazin-1-yl]propane- 
1-one dissolved in 5 ml of tetrahydrofuran was added 40 mg of lithium aluminum hydride. It was heated under 
reflux for 30 minutes. After cooling the reaction solution to room temperature, 1 ml of 25% aqueous ammonia was 
added thereto. The resulting precipitates were filtered off by filtration with Celite. The filtrate was then concentrated 

55 under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane: 

ethyl acetate=4:1) to give 0.20 g of oily 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]-4-(3-biphenyl-2-yl- 
propyl)piperazine. 

(9) To 0.18 g of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]-4-(3-biphenyl-2-ylpropyl)-piperazine dis- 
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solved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1, 4-dioxane solution. The reaction solution 
was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 
Crystals were recovered by filtration and washed with ethyl acetate to give 0.20 g of 1-[2-(4-fluorophenyl)-2-(1-iso- 
propylpiperidin-4-yl)ethyl]-4-(3-biphenyl-2-ylpropyl)piperazine trihydrochloride. 

5 

[0094] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 

Example 15 

10 

Synthesis of 1-[2-(4-fIuorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]-4-(4-cyclooctyl-4-oxobutyl)piperazine 
trihydrochloride (Compound 101 in Table 1) 

[0095] 

15 

(1) To 4.1 g of 2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)-1-piperazin-1-ylethanone obtained in Example 
14-(6) dissolved in 40 ml of tetrahydrofuran was added 0.45 g of lithium aluminum hydride. It was heated under 
reflux for 30 minutes. After cooling the reaction solution to room temperature, 5 ml of 25% aqueous ammonia was 
added thereto. The resulting precipitates were filtered off by filtration with Celite. The filtrate was concentrated 

20 under reduced pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, chlo- 

roform :methanol=50:1) to give 3.4 g of oily 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]piperazine. 

(2) To 0.30 g of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]piperazine dissolved in 3 ml of N,N-dimeth- 
ylformamide were added 0.35 g of 4-bromo-1-cyclooctylbutan-1-one and 0.31 ml of diisopropylethylamine. It was 
stirred at 70 °C for 3 hours. After cooling the reaction solution to room temperature, ethyl acetate was added 

25 thereto. It was then washed with a saturated aqueous sodium bicarbonate solution and a saturated aqueous sodium 

chloride solution. The organic layer was dried over anhydrous sodium sulfate. After filtering off the drying agent, 
the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy (Chromatorex NH, hexane:ethyl acetate=4:1) to give 0.29 g of oily 1-[2-(4-fluorophenyl)-2-(1-isopropylpipe- 
ridin-4-yl)ethyl]-4-(4-cyclooctyl-4-oxobutyl)piperazine. 

30 (3) To 0.29 g of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]-4-(4-cyclooctyl-4-oxobutyl)-piperazine dis- 

solved in 4 ml of ethanol was added 1 ml of a 4M hydrogen chloride/1, 4-dioxane solution. The reaction solution 
was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 
Crystals were recovered by filtration and washed with ethyl acetate to give 0.28 g of 1-[2-(4-fluorophenyl)-2-(1-iso- 
propylpiperidin-4-yl)ethyl]-4-(4-cyclooctyl-4-oxobutyl)piperazine trihydrochloride. 

35 

Example 16 

Synthesis of 1 -[2-(4-fluorophenyl)-2-( 1 -isopropylpiperidin^-yOethyll^-p-f^-fluorobiphenyl^-yO-S-oxopropyl] 
piperazine trihydrochloride (Compound 47 in Table 1) 

40 

[0096] 

(1) To 3.4 g of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperidin-4-yl)ethyl]piperazine obtained in Example ^-(^dis- 
solved in 40 ml of ethanol was added 10 ml of a 4M hydrogen chloride/1 , 4-dioxane solution. The reaction solution 

45 was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/methanol. 

Crystals were recovered by filtration and washed with ethyl acetate to give 3.6 g of 1-[2-(4-fluorophenyl)-2-(1-iso- 
propylpiperidin-4-yl)ethyl]piperazine trihydrochloride. 

(2) To 0.50 g of 1-[2-(4-fluorophenyl)-2-(1-isopropylpiperadin-4-yl)ethyl]piperazine tetra hydrochloride, 0.27 g of 
2-acetyl-4'-fluorobiphenyl, 0.1 ml of cone, hydrochloric acid, 3 ml of 1,3-dioxolan and 5 ml of diethylene glycol were 

so added. It was stirred at 150 °C for 30 minutes. After cooling the reaction solution to room temperature, toluene 

was added thereto. It was then washed with a saturated aqueous sodium bicarbonate solution and a saturated 
aqueous sodium chloride solution. The organic layer was dried over anhydrous sodium sulfate. After filtering off 
the drying agent, the filtrate was concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (Chromatorex NH, hexane:ethyl acetate=10:1, and WAKOGEL C200, chloroform :meth- 

55 anol=20:1) to give 80 mg of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperidin-4-yl)ethyl]-4-(3-(4'-fluorobiphenyl- 

2-yl)-3-oxo-propyl]piperazine. 

(3) To 80 mg of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperidin-4-yl)ethyl]-4-[3-(4 , -fluorobiphenyl-2-yl)-3-oxo-propyl] 
piperazine dissolved in 4 ml of ethanol was added 10 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The 
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reaction solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl 
acetate/methanol. Crystals were recovered by filtration and then washed with ethyl acetate to give 75 mg of 
1-[2-(4-fluorophenyl)-2-(1-isopropy!piperid^ 
drochloride. 

5 

Example 17 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-carboxybutyl] 
piperazine tetrahydrochloride (Compound 104 in Table 1) 

10 

[0097] 

(1) 1-[2-(4-Fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-methoxycarbox 
erazine (0.50 g) obtained in the same manner as in Example 2 was dissloved in 20 ml of cone, hydrochloric acid. 
15 it was heated under reflux overnight. The reaction solution was concentrated under reduced pressure to give 0.44 

g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-carboxybutyl]pi 
tetrahydrochloride. 

[0098] Structures and physical property data for this compound and the compounds obtained in like manner are 
20 shown in Table 1 . 

Example 18 

Synthesis of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]^-[4,4-bis-(4-fluorophenyl)-4-carbamoylbutyn 
25 piperazine tetrahydrochloride (Compound 105 in Table 1) 

[0099] 

(1) To 0.20 g of 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-carboxybutyl] 
30 piperazine obtained in Example 17 dissolved in 5 ml of thionyl chloride was added 0.1 ml of dimethylformamide. 

It was stirred at 80 °C for 2 hours. The reaction solution was concentrated under reduced pressure. The residue 
was dissolved in 5 ml of tetrahydrofuran, to which 5 ml of cone, aqueous ammonia was added. It was stirred at 
room temperature for 2 hours. Ethyl acetate was added to the reaction solution and washed with a saturated 
aqueous sodium bicarbonate solution and a saturated aqueous sodium chloride solution. The organic layer was 
35 dried over anhydrous sodium sulfate. After filtering off the drying agent, the filtrate was concentrated under reduced 

pressure. The residue was purified by silica gel column chromatography (Chromatorex NH, hexane:ethyl ace- 
tate=1:1) to give 80 mg of oily 1-[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)- 
4-carbamoylbutyl]piperazine. 

(2) To 80 mg of 1 -[2-(4-fluorophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-carbamoy!butyl] 
40 piperazine dissolved in 4 ml of ethano! was added 1 ml of a 4M hydrogen chloride/1 ,4-dioxane solution. The reaction 

solution was concentrated under reduced pressure, and then, the residue was crystallized from ethyl acetate/ 
methanol. Crystals were recovered by filtration and then washed with ethyl acetate to give 75 mg of 1-[2-(4-fluor- 
ophenyl)-2-(4-isopropylpiperazino)ethyl]-4-[4,4-bis-(4-fluorophenyl)-4-carbamoylbutyl]piperazine tetrahydrochlo- 
ride. 

45 

[0100] Structures and physical property data for this compound and the compounds obtained in like manner are 
shown in Table 1 . 



50 
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Table l' 1 



^0 F 


Compound 
No. 


Example 
No. 


R 1 


A 


-(CH^Y 


Melting Point 

ro" 2 


Crystallized 
Solvent 


1 


1 


iPr 


N 


c 




190-193 


ACUtLMeun 


2 


1 


iPr 


N 


( 

q 


CH2) 3 - 


196-199 -2 


AcOEtMeUn 


3 


1 


iPr 


N 




yo 


2Q5-208* 2 


AcOEtMeOH 


4 




iPr 

in 


N 


■< 


(CH2)a- 




AcOEtMeOH 


5 


1 


iPr 


N 




K> 


178-181" 2 


AcOEtMeOH 


6 


1 


iPr 


N 






178-180** 


AcOEtMeOH 


7 


2 


iPr 


N 






185-187'' 


AcOEtMeOH 
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5 


8 


1 


iPr 


N 




ITS-IT?* 1 


AcOEtMeOH 


10 


9 


2 


iPr 


N 


(CHjJa- 


182-18S* 1 


AcOEtMeOH 


15 


10 


1 


iPr 


N 


(CH2) 3 - 


171-173* 2 


AcOEtMeOH 


20 


11 


1 


iPr 


N 


(CH2)3- 


171-173"* 


AcOEtMeOH 


25 


12 


1 


IPr 


N 


(CH 2 )3- 


197-199* 1 


AcOEtMeOH 


30 


13 


1 


iPr 


N 


(CHafc- 


183-186* 2 


AcOEtMeOH 


35 


14 


1 


iPr 


N 




172-174* 2 


AcOEtMeOH 


40 


15 


2 


IPr 


N 


(CH2)3- 


175-177* 2 


AcOEtMeOH 


45 


16 


1 


iPr 


N 


o~o~o 


192-195** 


AcOEtMeOH 
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(CHzh- 








5 


17 


1 


iPr 


N 




Me 

ir 


177-1 79^ 


ACUfcxM6Un 












(CH2) 3 - 


Me 
Me 






10 


18 


1 


IPr 


N 


OO 


194-197** 


AcOEtMeOH 












rcH2)a- 








15 


19 


1 


iPr 


N 


O-O 


—Me 


172-174 -2 


AcOEtMeOH 




















20 


20 


1 


iPr 


N 




-OMe 


168-170' 2 


AcOEtMeOH 












(CH2) 3 - 








25 


21 


3 


iPr 


N 




-CN 


178-180* 2 


AcOEtMeOH 


30 


22 


4 


IPr 


N 


(CH2)3- 


DONH 2 


202-205" 2 


AcOEtMeOH 


35 


23 


1 


iPr 


N 


fCH2) 3 _ 


— N0 2 


183-1 85"* 


AcOEtMeOH 


40 










(CH2>3- 










24 


1 


iPr 


N 


p-o 


— f 


169-171** 


AcOEtMeOH 


45 










(CHzh- 










25 


1 


IPr 


N 






170-172** 


AcOEtMeOH 
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(CH2J3— 






5 


26 


1 


iPr 


N 




208-21 1* 2 


AcOEtMeOH 


















10 


27 


1 


iPr 


N 


\_r\j 

F 


181-184* 2 


AcOEtMeOH 












(CH2)3_ 






15 


28 


1 


iPr 


N 




182-185* 2 


AcOEtMeOH 


















20 


29 


14 


iPr 


CH 


/==( /=\ 


211-213" 2 


AcOEtMeOH 












(CH2)3- 






25 


30 


14 


iPr 


CH 




227-229'* 


AcOEtMeOH 












JCH2)3- 






30 


31 


14 


iPr 


CH 




219-221" 2 


AcOEtMeOH 


35 


32 


14 


iPr 


CH 




229-231 -2 


AcOEtMeOH 


40 


33 


14 


iPr 


CH 


\_J-\J 


226-228* 1 


AcOEtMeOH 


45 










(CH2) 3 _ 








34 


14 


IPr 


CH 




221-223^ 


AcOEtMeOH 
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35 


14 


iPr 


CH 




218-220* 2 


AcOEtMeOH 


38 


14 


iPr 


CH 


(CH2)r 

o-o- 


221-223 - * 


AcOEtMeOH 


37 


1 


iPr 


N 


O-O 


233-237"* 
(decomposed) 


AcOEtMeOH 


38 


2 


iPr 


N 


< 


CH2) 4 - 

hO 


193-1 96"* 


AcOEtMeOH 


39 


2 


iPr 


N 




182-185* 2 


AcOEtMeOH 


40 


2 


iPr 


N 


o-o 


193-195* 2 


AcOEtMeOH 


41 


1 


iPr 


N 


<5-o 


170-173* 2 


AcOEtMeOH 


42 


2 


iPr 


N 


d 




200-204* 2 


AcOEtMeOH 


43 


2 


iPr 


N 


o-o 


173-176" 2 


AcOEtMeOH 
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44 


16 


iPr 


CH 


o 

Y-<CH2) 2 - 

o-o 


195-199* 2 


AcOEtMeOH 


45 


2 


iPr 


N 


Q 


169-173" 2 


AcOEtMeOH 


46 


13 


IPr 


N 


Q 


166-170* 2 


AcOEtMeOH 


47 


16 


iPr 


CH 




188-192" 2 


AcOEtMeOH 


48 


2 


iPr 


N 


Q 

O-O 


182-184*2 


AcOEtMeOH 


49 


2 


IPr 


N 




17S-181* 2 


AcOEtMeOH 


50 


1 


IPr 


N 




173-176* 2 


AcOEtMeOH 


51 


1 


iPr 


N 




182-185"* 


AcOEtMeOH 


52 


1 


iPr 


N 


(CH2) 3 - 


217-220* 2 


AcOEtMeOH 
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53 


1 


iPr 


N 




21 3-21 5"* 


AcOEtMeOH 


54 


1 


iPr 


N 


-( ch *-0^0 


232-235"* 


AcOEtMeOH 


55 


1 


iPr 


N 




amorphous" 4 




56 


1 


iPr 


N 




175-177* 2 


AcOEtMeOH 


57 


1 


iPr 


N 


— (CHzh 

o-o 


22S-228' 2 
(decomposed) 


AcOEtMeOH 


58 


1 


iPr 


N 


(CH2)2- 

(K) 


220-225* 2 
(decomposed) 


AcOEtMeOH 


59 


1 


iPr 


N 




240-245* 2 
(decomposed) 


AcOEtMeOH 


60 


12 


iPr 


N 




212-215* 2 


AcOEtMeOH 


61 


2 


Me 


N 


— (CH&-CH-C-Q 

6 


182-184" 3 


EtOH 
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82 


2 


iPr 


N 


— (CH^-CHg^ 


200-203* 2 


AcOEtMeOH 


63 


2 


iPr 


N 


^CH2)2-CH^O 


198-202*2 


AcOEtMeOH 


64 


2 


iPr 


N 




161-164** 


EtOH 


65 


2 


iPr 


N 




187-1 SO 2 


AcOEtMeOH 


66 


2 


iPr 


N 


-(CH2)2-CH=C-Q-OMe 


172-174* 2 


AcOEtMeOH 


67 


2 


iPr 


N 




17S-175* 2 


AcOEtMeOH 


68 


2 


iPr 


N 


-<CH2) 2 -Crt=&O0CF 3 


212-21S* 2 


AcOEtMeOH 


69 


2 


iPr 


N 


-<CH2)2"CH=C-Q-CONH2 


196-1 99** 


AcOEtMeOH 


70 


2 


IPr 


N 


-(CH2)2-CH=C-0 


182-184** 


AcOEtMeOH 
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71 


1 


iPr 


N 


— (CH2) 3 -CH=C-^-F 


203-207" 1 
(decomposed) 


AeOEtMeOH 


72 


2 


Me 


N 


-<CH2)2-CH2-CH-Q 

6 


181-1 82* 


EtOH 


73 


2 


iPr 


N 


R 

-(CHJz-CHz-CH-O 


170-173" 2 


AeOEtMeOH 


74 


2 


iPr 


N 


/cay 

-^CHzfe-CHz^Q 


amorphous* 5 




75 


2 


iPr 


N 


-(CH2)2-CH2-CH-(_/-f 


148-1 SO" 3 


EtOH 


70 


1 


iPr 


N 


OMe 


169.172"* 


AeOEtMeOH 


77 


1 


IPr 


N 


^CH2h^H 2 -CH--^_^Me 
! Mo 


174-176" 1 


AeOEtMeOH 


78 


1 


iPr 


N 


iCH2)3-CH 2 -CH-Q-f 

9 


177-181" 2 


AeOEtMeOH 


79 


13 


iPr 


N 


-iCH^-C-CH-^) 

6 


105-107" 3 


EtOH 
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80 


16 


iPr 


CH 




179-182"* 


AcOEtMeOH 


81 


6 


IPr 


N 




194-1 97** 


AcOEtMeOH 


82 


2 


iPr 


N 


(CH2)T- 

io 


179-1 82** 


AcOEtMeOH 


83 


7 


iPr 


N 






185-188** 


AcOEtMeOH 


84 


10 


iPr 


N 


H2N X 


(CH2)r- 


205-208" 2 


AcOEtMeOH 


85 


5 


iPr 


N 


H 2 NOC 




193-1 96"* 


AcOEtMeOH 


86 


10 


IPr 


N 




187-191** 


AcOEtMeOH 


87 


2 


IPr 


N 


MeS - " 




amorphous" 6 




88 


11 


iPr 


N 


J 




amorphous* 7 
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89 


2 


iPr 


N 


Me^ 




188-1 92"* 


AcOEtMeOH 


90 


1 


IPr 


N 






22O-230" 2 


AcOEtMeOH 


91 


8 


iPr 


N 


<CH2) 3 — 
H 


202-206* 2 


AcOEtMeOH 


92 


11 


iPr 


N 




H 


20S-209" 2 


AcOEtMeOH 


93 


9 


iPr 


N 


C 


(CH2)3— 

K> 


180-1 S3 -2 


AcOEtMeOH 


94 


8 


iPr 


N 




166-170* 2 


AcOEtMeOH 


95 


1 


iPr 


N 


— (CHj 




155-157* 3 


EtOH 


96 


3 


iPr 


N 




179-181" 3 


EtOH 


97 


2 


iPr 


N 




110-112** 


EtOH 
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98 


1 


iPr 


N 




174-176" 3 


EtOH 


99 


1 


IPr 


N 




212-216* 2 


AcOEtMeOH 


100 


2 


iPr 


N 




194-197** 


AcOEtMeOH 


101 


15 


iPr 


CH 




>225* 1 
(decomposed) 


AcOEtMeOH 


102 


2 


IPr 


N 




113-116" 3 


EtOH 


103 


2 


iPr 


N 




104-106* 3 


EtOH 


104 


17 


iPr 


N 




amorphous" 8 




105 


18 


iPr 


N 




amorphous' 9 




106 


2 


IPr 


N 




105-107* 5 


EtOH 
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107 


17 


IPr 


N 




amorphous" 10 




108 


18 


IPr 


N 


HjNOC V^JI 


amorphous* 11 




109 


5 


iPr 


N 


jfHtor 


190-193** 


AcOEtMeOH 


110 


2 


iPr 


N 




201-204* 1 


AcOEtMeOH 


111 


2 


IPr 


N 




180-183* 1 


AcOEtMeOH 



*1: Comments on tablel 

iPr = tsopropyf; MeOH 
•2: Saft of hydrochloric acid 
*3: Salt of maleic acid 
•4: Compound 55 



*5: Compound 74 

*6: Compound 87 
*7: Compound 88 



« Methanol; EtOH = Ethanol; AcOEt = Ethyl acetate 



1 H-NMR(300MHz,CDCI3) 1.02(d,6H,J=6.2Hz) 1.42-1. 55 (m t 2H) 
1.94-2.83(m,23H) 3.49(t,3H, J=6.4Hz) 6.92-7. 01<m.2H) 
7.10-7.46(m l 11H l ) 7.79-7.88(m,2H) 
ESIMS(Positive) 579(M+Hf 

1 H-NMR(300MHz,CDCi3) 1.01(d,6H,J=7.5Hz) 1.40(m,2H) 
1.98(m % 2H) 2.10-2.90(m,21H) 3.53(t,1H,J=7.2Hz) 
3.88(t,1H,J=7.8Hz) 6.80-7. 03(m,8H) 7.10-7.24(m,4H) 
ESIMS(Positive) 579(M+Hf 

1 H-NMR(300MHz ( CDC)3) 1.02(d f 6H,J=6.4Hz) 1.7(M.88(m,2H) 
2.3<W.05(m,24H) 3.59(t. 1 H, J=7.0H2) 6.92-7.88(m,9H) 
ESIMS(Positive) 535(M+H)* 

1 H-NMR(300MHz,CDCI3) 1.a2(tf,6H t Ja6.4Hz) 1.72-t82(m,2H) 
2.25-2.93(m,23H) 3.54{t,1H,J=6.4Hz) 6.97(t,2H,J=87Hz) 
7.15-7.38(m,7H) 8.97(bfS,1H) 10.17(brs,1H) 
ESIMS(Positjve) 579(M+H)* 
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•11: Compound 108 



*8: Compound 104 



•9: Compound 105 



•10: Compound 107 



, H-NMR(300MH2 f DMSO-d8) 1.22{d,6H.J=7.5Hz) 1.48(m,2H) 
2.22(m,1H) 2.38(m,2H) 2.70(m,1H) 3.1-3.8(m,18H) 4.18(m,1H) 
4.58(m,1H) 7.18(m,4H) 7.30(m,6H) 7.40(m,2H) 10.34(brs,1H) 
11.68(brs,1H) 

ESIMS(Positivo) 623(M+H)* 

1 H-NMR(300MHz,CDCI3) 1.00<d,6H,J=7. 5 Hz) 1.26(m,2H) 
2.2-2.7(m,22H) 2.38(m t 2H) 2.82(dd,1H,J=1 1.0,5.0Hz) 
3.52(t,1H,J=5.0Hz) 5.38(brs,1H) 6.00(brs,1H) 
8.9-7. 1(m,5H) 7.18(m,2H) 7.2-7.3(m,5H) 
ESIMS(Positive) 622(M+H)* 
, H-NMR(300MHz.DMSO-d6) 1.20(m.8H) 2.16(m,1H) 
2.36(m,2H) 2.62(m,1H) 3.0-3.7(m,18H) 4.10(m,1H) 
4.46(m,1H) 7.10(m,4H) 7.2-7.4<m,8H) 
ESIMS(Positive) 601(M+H)* 

, H-NMR(300MHz,CDCI3) 0.9-1.0(m,8H) 1.8-2.6(m,22H) 
2.98(dd,1H,J=1 1.0,5.0Hz) 3.48<t,1H.J=5.0Hz) 
5.18(brs,1H) 5.50(brs,1H) 6.9-7.3(m.12H) 
ES!MS(Positive) 600(M*Hr 



Test Example 

(Test for binding to MC4 receptor) 

[0101] The test for binding to MC4 receptor was carried out according to the method as described in Pharmacology 
& Toxicology, 79, 161-165, 1996. HEK-293 cell membranes expressing the human MC4 receptor were purchased from 
BioLinks K.K. The cell membranes were homogenized in a 50mM Tris-hydrochloric buffer (pH 7.4) containing 2 mM 
ethylenediaminetetraacetic acid, 10 mM calcium chloride and 100 ^M phenymethylsulfonyl fluoride. The homogenate 
was centrifuged at 48,000xg at 4 °C for 20 minutes. The precipitate obtained by centrifugation was re-homogenized 
in the same buffer, and then the homogenate was centrifuged at 48,000xg at 4 °C for 20 minutes. This manipulation 
was repeated twice. The precipitates were suspended in a 50mM Tris-hydrochloric acid buffer (pH 7.4) containing 2mM 
ethylenediaminetetraacetic acid, 1 0 mM calcium chloride, 1 00 ^iM phenymethylsulfonyl fluoride and 0. 1 % bovine serum 
albumin so as to provide a protein concentration of 100 ^ig/ml. The suspension was used for the binding test as a crude 
membrane specimen. The crude membrane specimen (0.25 ml, 25 |xg protein) was allowed to react with [ 125 l]Nle 4 - 
D-Phe 7 -a-MSH (final concentration of 0.2 nM) at 25 °C for 120 minutes. After completion of the reaction, the reaction 
solution was suction-filtered onto a GF/C glass fiber filter paper immersed in a 50 mM Tris-hydrochloric acid buffer 
containing 0.5% bovine serum (pH 7.4) by means of a cell harvester for receptor binding test. Radioactivity on the filter 
papers was measured using a y-counter. The binding amount in the presence of 1 pM NIe 4 -D-Phe 7 -cc-MSH was defined 
as non-specific binding, while specific binding was defined by subtracting the non-specific binding from the total binding, 
i.e. the binding in the absence of 1 uM Nle 4 -D-Phe 7 -a-MSH. A drug to be tested was dissolved in a 100% DMSO 
solution and was added to the membrane specimen simultaneously with [ 125 l]Nle 4 -D-Phe 7 -a-MSH. IC 50 value was 
calculated from inhibition curve at concentrations of from 10" 8 to 10* 5 . Consequently, Compound 86 in Table 1 showed 
a value of 162 nM, for example. 

Industrial Applicability 

[0102] The compounds of this invention have antagonistic activity against MC4 receptors and they are useful as a 
therapeutic agent for depression and anxiety neurosis. 



Claims 



1. A piperazine derivative represented by the following formula: 
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1 / \ 

R 1 -N^ A 




N-(CH 2 )ir-Y 



wherein n represents an integer of 1 to 8; R 1 represents a hydrogen atom or a C 1-10 alkyl group; A represents 
CH or a nitrogen atom; Ar 1 represents a phenyl group, or a phenyl group substituted with 1 to 3 groups arbitrarily 
selected from a C 1-10 alkyl group, a C 1-10 alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a 
nitro group, an amino group, a mono- or di-substituted amino group with a alkyl group(s), a trifluoromethyl 
group, a trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group; and Y is a group represented 
by the formula Y 1 -Y 2 -Ar 2 wherein Y 1 -Y 2 represents a single bond, an oxygen atom, C(=0), CH=CH, C(=0)-N(R 2 ) 
or N(R 2 )-C(=0) (wherein R 2 represents a hydrogen atom or a C^q alkyl group); and Ar 2 represents a phthalimido- 
1-yl group, a dibenzofuranyl group, a C 3 . 10 cycloalkyl group, a C 2 . 9 oxacycloalkyl group, a C 2 . 9 lactam-1-yl group, 
a 1H-quinazoline-2,4-dion-1-yl group, or a group represented by the following formula: 



wherein D, E and G may be the same or different and each represents CH or a nitrogen atom; X 1 represents 
a hydrogen atom, a halogen atom, a C^q alkyl group, a C^q alkoxy group, a hydroxyl group, an amino group, a 
carbamoyl group, a C,_ 5 alkylthio group or a phenyl group; and Ar 3 represents a phenyl group, a naphthyl group, 
a phenoxy group, or alternatively, a phenyl, naphthyl or phenoxy group substituted with 1 to 3 groups arbitrarily 
selected from a C^q alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a 
nitro group, an amino group, a mono- or di-substituted amino group with a C^_ 5 alkyl group(s), a trifluoromethyl 
group, a trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group, or a group represented by 
the following formula: 



wherein L, M and P may be the same or different and each represents CH, NH, a nitrogen atom, an oxygen 
atom or a sulfur atom; and X 2 represents a hydrogen atom, a halogen atom, a C^q alkyl group, a C M0 alkoxy 
group, a hydroxyl group, an amino group, a carbamoyl group, a C U5 alkylthio group or a phenyl group, or 
a group represented by the following formula: 



wherein I, J and K may be the same or different and each represents CH, NH, a nitrogen atom, an oxygen 
atom or a sulfur atom; X 1 is as previously defined; and Ar 4 represents a phenyl group or a phenyl group substituted 





L — M >X 2 



I— J 



1 
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with 1 to groups arbitrarily selected from a C^q alkyl group, a C^ 0 alkoxy group, an aralkyloxy group, a hydroxyl 
group, a-halogen atom, a nitro group, an amino group, a mono- or di-substituted amino group with a C U5 alkyl 
group(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano group, a carbamoyl group or a phenyl group, 
or a group represented by the following formula: 

/ Af5 

Y 3 -Y\ 
X Ar 6 

wherein Y 3 -Y 4 represents CH 2 -C(R a ) [wherein R a represents a hydrogen atom or a group represented by 
the formula C0 2 R b or the formula CON(R b )R c (wherein R b and R c may be the same or different and each represents 
a hydrogen atom or a C^q alkyl group)], CH=C or C(=0)-CH; and Ar 5 and Ar 6 may be the same or different and 
each represents a phenyl group or a phenyl group substituted with 1 to 3 groups arbitrarily selected from a C^q 
alkyl group, a C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a C U5 alkyl group(s), a trifluoromethyl group, a trifluoromethoxy 
group, a cyano group, a carbamoyl group or a phenyl group, or a group forming together with the adjacent carbon 
atom, a group represented by the following formula: 




wherein R d and R B each represent a group arbitrarily selected from a hydrogen atom, a C^q alkyl group, a 
C^q alkoxy group, an aralkyloxy group, a hydroxyl group, a halogen atom, a nitro group, an amino group, a mono- 
or di-substituted amino group with a C U5 alkyl group(s), a trifluoromethyl group, a trifluoromethoxy group, a cyano 
group, a carbamoyl group or a phenyl group; R a is as previously defined; and o and p each are an integer of 1 to 3, 
or a pharmaceutical^ acceptable salt thereof. 

The piperazine derivative or a pharmaceutical^ acceptable salt thereof according to claim 1, wherein Ar 2 is any 
of a phthalimido-1-yl group, a dibenzofuranyl group, a C 3 . 10 cycloalkyl group, a C 2 _ g oxacycloalkyl group, a C 2 . 9 
lactam-1-yl group, a 1H-quinazoline-2,4-dion-1-yl group or a group represented by the following formulae: 
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wherein Ar 3 and Ar 4 are as previously defined; R 3 represents a hydrogen atom, a C^ 0 alkyl group, a hydroxy! 
group, an amino group, a carbamoyl group, a C U5 alkylthio group or a phenyl group; and X 3 represents a hydrogen 
atom, a halogen atom, a C^q alkyl group or a C^q alkoxy group. 

The piperazine derivative or a pharmaceuticaily acceptable salt thereof according to claim 2, wherein Y is a group 
represented by the formula Y 1 -Y 2 -Ar 2 wherein Ar 2 is a group represented by the following formula: 



wherein X 3 and Ar 3 are as previously defined. 

The piperazine derivative or a pharmaceuticaily acceptable salt thereof according to claim 3, wherein n is an integer 
of 1 to 4; R 1 is a alkyl group; Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms; Y 1 -Y 2 is a single 
bond, C(=0) or CH=CH; and Ar 2 is a group represented by the following formula: 



wherein Ar 3 is a phenyl group, a naphthyl group, a phenoxy group or a phenyl group substituted with 1 to 3 
groups arbitrarily selected from a C^q alkyl group, a C^q alkoxy group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a C^_ 6 alkyl group(s), a trifluoromethyl group, a trifluoromethoxy 
group, a cyano group, a carbamoyl group or a phenyl group. 

The piperazine derivative or a pharmaceuticaily acceptable salt thereof according to claim 3, wherein n is an integer 
of 1 to 3, R 1 is a alkyl group, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, Y 1 -Y 2 is CH 2 -CH 2 
or CH=CH, and Ar 2 is a group represented by the following formula: 



wherein Ar 3 is a phenyl group, a naphthyl group, a phenoxy group or a phenyl group substituted with 1 to 3 
groups arbitrarily selected from a C^q alkyl group, a C M0 alkoxy group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a aikyl group(s), a trifluoromethyl group, a trifluoromethoxy 
group, a cyano group, a carbamoyl group or a phenyl group. 

The piperazine derivative or a pharmaceuticaily acceptable salt thereof according to claim 3, wherein n is an integer 
of 2 to 5, R 1 is a alkyl group, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, Y 1 -Y 2 is a single 
bond, and Ar 2 is a group represented by the following formula: 
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5 




Ar 3 

10 wherein Ar 3 is a phenyl group, a naphthyl group, a phenoxy group or a phenyl group substituted with 1 to 3 

groups arbitrarily selected from a C^q alkyl group, a C^q alkoxy group, a halogen atom, a nitro group, an amino 
group, a mono- or di-substituted amino group with a C^ 6 alkyl group(s), a trifiuoromethyl group, a trifluoromethoxy 
group, a cyano group, a carbamoyl group or a phenyl group. 

is 7. The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 3, wherein n is an integer 
of 1 to 3, R 1 is a alkyl group, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, Y 1 -Y 2 is C(=0), and 
Ar 2 is a group represented by the following formula: 



20 




Ar 3 

wherein Ar 3 is a phenyl group or a phenyl group substituted with 1 to 3 halogen atoms. 

30 8. The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 3, wherein n is 3, A is 
a nitrogen atom, R 1 is a alkyl group, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, Y 1 -Y 2 is a 
single bond, and Ar 2 is any of the groups represented by the following formulae: 



35 




wherein Ar 4 is a phenyl group; and R 3 is a hydrogen atom, a C^q alkyl group, a hydroxyl group, an amino 
group, a carbamoyl group, a C^ 5 alkylthio group or a phenyl group. 

45 9. The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 2, wherein n is 4, R 1 is 
a alkyl group, A is a nitrogen atom, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, and Y is a 
group represented by the group Y 1 -Y 2 -Ar 2 wherein Y 1 -Y 2 is a single bond and Ar 2 is a C 3 . 10 cycloalkyl group. 

10. The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 2, wherein n is 3, R 1 is 
50 a alkyl group, A is a nitrogen atom, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, Y is a group 

represented by the group Y 1 -Y 2 -Ar 2 wherein Y 1 -Y 2 is C(=0) and Ar 2 is a C 3 . 10 cycloalkyl group. 

1 1 . The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 1 , wherein n is an integer 
of 1 to 3, R 1 is a alkyl group, A is a nitrogen atom, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, 

55 and Y is a group represented by the following formula: 
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Ar 5 

Y 3 -Y^ 
X Ar 6 

wherein Y 3 -Y 4 is CH 2 -CH or CH=C; and Ar 5 and Ar 6 may be the same or different and each is a phenyl group 
or a phenyl group substituted with 1 to 3 groups arbitrarily selected from a C 1-10 alkyl group, a C^q alkoxy group, 
a halogen atom, a trifluoromethyl group, a trifiuoromethoxy group or a carbamoyl group. 

12. The piperazine derivative or a pharmaceutically acceptable salt thereof according to claim 1 , wherein n is 2, R 1 is 
a alkyl group, A is a nitrogen atom, Ar 1 is a phenyl group substituted with 1 to 3 halogen atoms, and Y is a 
group represented by the following formula: 



/ AfS 

Y 3 -Yt 

X Ar 6 



wherein Y 3 -Y 4 is C(=0)-CH; and Ar 5 and Ar 6 may be the same or different and each is a phenyl group or a 
phenyl group substituted with 1 to 3 halogen atoms. 

13. Use of the piperazine derivative or a pharmaceutically acceptable salt thereof according to any of claims 1-12 as 
an MC4 receptor antagonist. 

14. A therapeutic agent for anxiety neurosis or depression which comprises as an active ingredient, the piperazine 
derivative or a pharmaceutically acceptable salt thereof according to any of claims 1-12. 
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